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SUMMARY

In a pkevious\deve]opment a computer tool for correcting a ther-
mal network (large and small) was generated.1‘2* As part of that study
the computer tool was evaluated by using computer-generated temperatures
which simulated perfect test temperature data.3 The results were suffi-
ciently encouraging to continue the evaluation process with test tempera-
ture data; as a result, an exploratory evaluation using test temperatures

was pursued.

Two heavily instrumented platforms with and without a heat pipe
from a prevfous study4 and math-models generated using normal engineering
techniques were employed. Evaluation of the two correction subroutines,
one for large networks and one for small hetworks explored many of those
facters considered to influence the correction process.

From a general assessment standpoint, the évaTua@ion stddy .
revealed that smail models with complete temperature measurements and
without complete temperature measurements can be corrected with sur-
prisingly good results. Larger models could not be corrected as well
as the small models because of the need to utilize a particular correc-
tion subroutine developed to accommodate large models; although large
model correction was not as accurate as desired, information on the

functional-form inaccuracy was displayed.

It thus appears at this stage of the correction program
evaluation that correction of small models is accurate and practical
from a user input standpoint; a wide fange of applications for small
correction is apparent. Correction of larger models, although not
entirely satisfactory fkom an accuracy standpoint, yields information
on math-models that is not apparent by the normal inspection procedure.

* Superscript numbers refer to literature listed in the Reference Section.



1.0 INTRODUCTION

Development of a thermal network correction program has evolved from
concept through a feasibility study, through a computer program develop-
ment pr‘ocedure.]'3 The evaluation process examined a relatively small
model (about 50 nodes) and a large model (about 500 nodes) using computer-
generated temperature data with some measure of success.3 Use of
exnerimental temperature data represents the next step in the evaluation
procedure since other considerations not present with computer-generated
information must be examined. These factors include inaccuracies of
‘temperatures, insufficient number of temperature data points.over a
specified time period, lack of one-to-one correlation between temperature
sensor and nodal locations, incomplete temperature measurements, and con-
version of test data to the input format of the thermal network correc-

ticn program.

The intent of this study was the evaluation of the thermal network
correction program with the use of small thermal math-models with experi-
mental temperature data. The math-models choéen for this evaluation study
vere those that described a physical system composed of both a conventional
‘ and a heat pipe p1atf0rm.4 In the sections to follow a description of the
models used, the results of the evaluation of the thermail network correc-
tion with experimental test data and input instructions for the thermal

network correction program are presented.

1-1



2.0 THERMAL NETWORK CORRECTION EVALUATION WITH THE USE OF TEST DATA

Evaluaticn of the thermal network correction program with test data
requires the examination of many factors, many of which are not present
with the use of computer-generated simulated test data. These factors
include condition of incomplete temperature measurements, lack of one-to-one
correlation between temperature and nodal locations, timewise insufficiency
of temperature data points and effects of different environmental conditions.

Another important evaluation consideration is the input requirements
to the cerrection program. Because of the need to have flexibility, input
requirements, and thus user input, can be expected to be rather difficult.

In this present evaluation study only a few of those factors that
‘may influence the thermal network correction solution have been examined.
A complete examination would be rather prohibitive. The system that was
ctudied consisted of two platforms, one a conventional platform and the
other a heat pipe platform. Both platforms were heavily instrumented and
tested for several different environmental conditions. A description of

the system is found in Appendix A.

A 34-node math-model of the conventional platform and a 41-node:
math-model of the heat pipe platform were generated as described in
Appendix A with intent to study both platforms in detail. However, the
similarity of both platforms negated the need to examine both platforms.
The rather lengthy computer run-time with the 34-node model of the con-
ventional platform with subroutine KALFIL, which solves the governing
equations simultaneously, also necessitated the use of a reduced model
of the conventional platform. A reduced model of 10-nodes without com-
promising the evaluation was generated and employed; this reduced model
permitted the examination of more factors that could not be done with the

larger models.

Test data used in the evalution were selected from a number of options
that were available. Th. selected data are discussed and tabulated in
Appendix B for each of the math-models.



In the paragraphs to follow, description of the studied conditions,
model characteristics and evaluation results are presented.

2.1 Selection of Test Data and Interpolation

2.1.1 Test Data

From the numerous test conditions and data available on the platform
system as described in Appendix B, a cool-down period without heat genera-
tion and a heat-up period were selected. The selected time periods and
data are tabulated in Appendix B for both the 34-node conventional and
41-node heat pipe platforms. The averaged-data for the 10-node model of
the.conventiona] platform are also tabulated in Appendix B.

. 2.1.2 Interpolation

Since the time-wise spread between data points was much Targer than
the network computational time-increment, it was necessary to obtain more
data points. This could be accomplished by manual interpolation or by
employing a computerized scheme. The 1étter approach was used by employing
a SINDA Teast squares subroutine5 coupled with special subroutines for
"reading"” and "expanding" the temperature data. A description of the test .
data interpolation and translation to the input format for the correction
program is found in Appendix B.

2.2 Math—ModeLg

2 2 1 34-Node Conventional and 41-Node Heat Pipe Platform Models

A 34-node math-model of the conventional platform reflecting the
‘location and number of temperature measurements was generated; a 41-node
math-model of the heat pipe platform was also similarly generated. No

attempt was made to accurately correlate by manual means uncorrected

model and test temperature. Characteristics of these models are described
in Appendix A.  Most of the parameter correction results for these two
models were obtained with subroutine KALPBS which operates on the nodes
singly. Some results were obtained with subroutine KALFIL which operates
on all the nodes simultaneously, but because of rather lengthly computer
run-time, use of KALFIL was limited.

[
H
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2.2.2 10-Node Conventional Platform Models

In order to exercise the capabilities of KALFIL more fully with
feasonab]e run times, a 10-node model of the conventional platform was
generated and utilized quite heavily, especially with subroutine KALFIL.
Characteristics of the 10-node model are described in Appendix A.

2.3.1 Subroutine KALBBS - Equation and Time-Wise Sequential

Unbounded A1l Soft Conductances (86) -~ Nodal Arrangements

The correction capability and Timitations of subroutine KAL@BS were
explored by considering all (86) of the. conductances to be soft. Test data
during the cool-down period were used. Initially the soft parameters were
specified to be unbounded. For the nodal arrangement (numerical order)
tabulated in Table A-la, the correction behavior of several soft conductances
(among 86) in terms of time-slices of data is tabulated in Table 2-1. Note
that many of the soft parameters have become negative. The correction of
these soft conductances was re-examined by changing the nodal arrangement
to the one tabulated in Table A-1. This arrangement permits the correction
of the more important parameters at the beginning of the correction process;
Conductance correction results are tabulated in Table 2-2. Note that a few
negative conductances remain. Evaluation of the sensitivity coefficients
generated by the use of subroutine STEP reveals that many of the negatively
corrected soft parameters, such as conductors 58 and 71, have relatively low
sensitivity coefficient values. In general, parameters with low sensitivity
are difficult to correct accurately.

In order to obtain an indication on the parameter correction accuracy,
the corrected soft parameters were used to generate steady temperatures
for those environmental conditions corresponding to test temperatures at
time-slice one (refer to Appendix C). The steady state temperatures for
the uncoxrected model and the two corrected model cases (negative con-
ductances were set to a small positive value) are tabulated in Table 2-3.
These results show that the parameter correction accuracy was not accurate
since the analytical and test temperatures did not correlate well. The
results do show, however, the importance of nodal arrangement when using
subroutine KALPBS since one nodal arrangement yielded much better results
than the other. The results also indicate that the correction of a large
number of parameters is difficult and may not be accurate with KAL@BS. The

2-3
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Table 2-1. Correction Behavior of Sevaral Conductances Among 86 Soft Conductances, 34-Node Conventional Platform, Unbounded Corrections, XALZBS
Cool-Bown Condition, Nodal Input Order: 1,2,3,...,48 :

=% ) Time-Slices* o
Conductor Description Original 1 2 3 5 10 20 30 40 50
£ Value t=20hr ' t=.24 hr
tu/hr °F ; . ,
n T 657 657 663 .664 .668 716 .983 1.26 1.3 1.34
657 657 .687 611 2341 .022 .047 .017 -.088 -.089
10 1,009 009 .009 003 . .010 609 .009 009 - .000 .010
15 551 551 551 .550 .547 .555 674 735 672 .656
20 212 212 .202 .202 .203 Jes .92 %6 %6 199
23 2 219 .219 220 220 219 126 215 207 .209 .208
31 2 263 206 205 .202 .200 .223 .353 .458 522 .593
35 < 170 170 -1.20 -1.20 -.107 -.553 .096 .063 .032 049
49 3 100 .100 .098 .094 .036 .070 055 .053 .053 .036
45 g .297 .297 .299 307 322 1339 $.350 430 .499 .550
51 S 5.91 5.91 5.23 5.05 4.63 2.23 - 771 -.862 -.031 857
54 3 9.28 9.28 3.26 3.17 3.13 3.3 3.00 2.83 2.47 103
53 S 2.81 2.81 2.92 4.36 5.69 2.19 -5.25 -5.70 - -5.65 -6.10
52 1.69 1.69 -1.89 -1.86 -1.74 -1.97 -4.87 -6.20 -6.60 -6.73
7 75.0 75.0 4.59 2.39 210 -1.38 -1.43 -1.82 -2.57 -2.30
74 37.5 37.5 37.8 31.3 30.7 14.0 9.71 3.56 059 -.329
78 y 18.8 18.8 10.5 9.81 3.42 8.80 -4.85 -5.10 3.2 -2.87
100 TR 419 E-l0 409 €70 4.92 B0 5.06 E-10 5.14 E10 4.46 €-10  3.13 E-10 3.14 £-10  3.31 E-10  3.14 E-10
105 L% B .298 " .304 " 321 .385 334 REC 25 -.102 -.223 "
110 o a0t 1.40 2.0 0t 2.02 " 2.06 " 2.02 " 1.6 " 1.82 2.08 " 22 "
113 k] 2.40 2.40 3.19 " 3.20 " 3.05 " 2.50 * 2.40 " 1.87 1.60 " 1.52 "
120 z 3.56 " 3.56 " .076 " -.607 -.921 " -.642 " Jaes 1.0 " 1.69 2.00 *
121 TE 19 ° 109 » 1.4 ® 244 " 2.3 " -3.00 " -2.76 " -2.61 " -2.83 " -2.49 °
122 i 3.56 3.55 " 7.03 " 7.48 " 8.08 " 7.76 6.76 " 6.41 ".  6.34 " 6.29 °
123 2" RER 109 " 6.99 " 7.58 " 7.74 " 7.44 " 6.28 " 6.63 " 6.52 ° 6.43 °
124 = 2.37 " 2.37 * -.006 " -.250 " S 13 B 2k I -.182 ® T I KA -.327 @
" 125 & 2.37 " 2.37 " 2.55 " 2.48 " 2.33 *  2.07 " 1.83 ° 1.76 " 1.74 " 1.7z "
126 6.34 " 6.34 5.87 5.67 " 5.40 " 533 ° 4.87 " 4.79 * 4.78 8.76 *
127 4.75 " 8.75 " 3.14 ° 2.49 " 2.06 " 1.80 " 1.67 1.61 ° 1.58 * 1.55 *

* Poriod between time-slice = .015 hr.



Table 2-2. Correction .Behavior of Several Conductances Among 86 Soft Conductances, 34-Node Conventional Pia4form, Unbounded Correcticons, KALRBS®
Cool-Down Condition, Nodal Imput Order: 44, 43, 46,...,31,32 .

- 8-¢

s Time-Slices* S
Conductor Description Original 1 2 3 5 10 20 - 30 a0 ' 50

# ' Value t=0hr ' ‘ Tt o= .28 hr

Btu/hr °F

] C657 .657 .650 .650 .654 .703 1.00 1.29 ©ot.32 1.34
5 657 .657 1.45 1.55 1.56 1.21 .997 1.04 .74 .968
10 .009 .009 .010 ~.010 .00S .008 .005 .00 -.002 -.010
15 .551 .551 .55 .550 .568 .552 .363 447 -.573 -.926
20 i 212 212 197 .188 128 -.012 -.035 -.010 .0006 -.024
23 = .219 .219 .147 .146 186 143 140 137 173 .210
31 < .206 . 206 .220 .231 .238 .223 L247 .318 1388 $.482
35 < 170 170 29 - 114 .063 059 142 .261 .32 .268
40 S .100 .100 .19 .138 .159 174 172 a7 RY 178
a5 5 .297 .297 .507 .688 .834 .866 .860 .044 1.97 1.08
51 2 5.9 5.91 6.71 6.67 6.33 4,00 .800 1.08 1.28 1.77
54 K 9.23 9.28 3.13 3.04 3.0 3.00 2.77 2.52 2.15 1.1
58 e 2.81 2.8 10.2 10.4 1.1 16.4 18. 15.4 12.6 11.4
52 . 1.69 1.69 -11.9 -11.7 -11.0 -11.9 -25.9 -33.6 -36.1 -37.5
71 75.0 75.0 6.53 4.86 4.35 5.79 7.24 7.3 7.16 7.13
74 37.5 37.5 64.4 -10.8 14.5 8.03 6.35 6.32 6.30 21
78 Q 18.8 18.8 9.80 9.77 8.29 212 6.57 10.6 7.65 7
100 : "5—“. 4.19 £-10  4.19 E-10 3.34 £-10 . 3.38 £-10.  3.48 E-10 2.51 £-10 .565 E£-10 589 £-10 69% £-10  1.C2 E-10
105 .298 " .298 " .286 " .281 " .283 " 290 " - L0883 " .56 " -.32¢ 118 "
110 - 1.40 " 1.40 " 1.74 " 1.75 " .77 " 1.72 " 867 ¢ 646 " 150" g
113 © 2.40 " 2.40 " 3.23 " 3.23 " 3.10 " 2.63 " 2,57 " 1.98 " 1.68 " 1.59 "
120 2 3.56 " 3.56 " 3.67 3.80 " 4.33 " 6.69 " .43 " 8.50 " 8.25 " 8.19 "
121 @E 1.19 ¢ 119 126 v .28 0t 1.36 " 1.69 " 1.80 " 1.80 " 1.83 " 1.87 "
122 < 3.56 " 3.56 * 3.43 " 1.76 " 3.05 " 8.56 " 9.81 " Q.77 " 9.77 " 9.71 "
123 2 1.19 " 1.9 ¢ 1.08 1.06 " 1.44 v 3.07 " 3.40 " 3.65 " .31 ® 3.18 "
124 2 2.37 * 2.37 " 2.33 " 2.13 " 1.46 " -1.02 -.g27 " 2.6 2.32 " 2.44 "
125 & 2.37 " 2.37 " 3.02 " 157 " 13.6 " 121 ¢ 0.9 " 10.9 * 10,9 * 0.8 *
12 § 6.34 " 6.36 " 6.40 " "6.38 " 6.33 " 6.31 * 5.66 4.27 " 4.42 " 4.3 "
127 . 4.75 * 4.75 * 4.55 ° 4.55 4,52 " 4.3 " 3.96 " 3.37 *  2.85 " 2.56 "

* period between time-slice = .015 hr.



Table 2-3.

Corrected Model, €6 (A11) Un

Compariton of Test, Uncorrected and Corrected
Steady State Temperatures, 86 Soft Conductances,

Conventional 34-Kode Model. KALPBS
Cool-Down Period. 50 Time Slices*®

hounded Parameters

Node Uncorrected Model Nodal Order (Table A-la} Nodal Order (Table A-1)
# Test Analytical Difference Analytical Difference Analytical Ditference
Ty (°F) T, (°F) (Tp-Tp(F) T (°F) (Tp-T)(°F) T, (°F) (Ta=T7)(°F)
N 86.0 105.0 19.0 -45.,6 -131.6 76.3 - 9.7
2 84.0 122.5 38.5 -45.2 -167.7 77.5 - 6.5
3 35,0 36.0 -1.0 -43.8 -78.8 17.8 -17.2
4 10.0 -4.4 -14.4 -5 -51.1 12.1 -2.1
5 116.0 131.4 15.4 -45.8 -161.8 101.3 -14.7
6 229.0 254.8 15.8 -40.3 -259.3 184.3 -45.3
7 116.0 132.5 16.5 -45.9 -161.9 100.4 -15.6
8 176.0 203.2 27.2 -40.5 -216.5 153.5 -22.5
9 76.0 64.0 12.0 -25.0 -91.0 42.3 -33.7
10 23.0 9.4 -13.6 -27.2 -60.2 . 27.4 4.4
N 91.0 124.7 33.7 -45.4 -136.4 128.3 37.3
12 107.0 145.7 38.7 -42.0 -149.0 148.9 41.9
13 42.0 55.2 10.2 -32.1 =740 33.8 -8.2
14 17.0 9,3 -7.7 -30.8 -47.8 23.2 6.2
21 9.0 106.0 17.0 -44.8 -133.8 78.6 -10.4
22 93.0 121.0 28.0 -43.5 -136.5 72.2 -20.8
23 48.0 37.0 -11.0 -43.1 -91.1 25.7 -22.3
24 15.0 -3.7 -18.7 -41.6 -56.6 19.6 4,8
25 12.0 135.5 23.5 -45.9 -157.9 119.2 7.2
26 158.0 193.4 35.4 -41.4 -199.4 148.6 -9.4
27 68.0 64.4 -3.6 -30.7 -95.1 42.8 -25.2
28 23.0 9.8 -13.2 -28.1 -37.9 31.0 8.0
29 104.0 126.7 22.7 -45.9 -172.6 119.8 15.8
30 120.0 142.4 22.4 -30.6 -173.0 34.0 '-86.0
31 59.0 56.9 2.1 -30.6 -87.5 34.0 -25.0
32 20.0 10.5 -9.5 -29.2 -39.7 33.0 13.0
4 105.0 , 132.0 27.0 -58.6 -190.6 93.0 -12.0
42 109.0 130.9 21.9 -58.6 -189.5 96.3 -12.7
43 169.0 204.6 15.6 168.4 -36.2 153.8 -45.2
44 '236.0 263.4 27.4 359.3 95.9 211.4 -34.6
45 01,0 63.7 -37.3 -25.0 -88.7 -60.0 -161.0
46 77.0 64.4 -12.6 182.7 118.3 39.9 =37
47 43.0 64.1 15.1 64.9 .8 91.8 42.8
48 28.0 9.4 -18.6 -6.0 -15.4 65.9 37.9
% Pperiod between time-slices = 015 hours

‘Negative conductances set to

2 small pos

itive value for corrected model steady

2-6

state temperatures,



user should take particular care in identifying soft parameters and speci-
fying the nodal order with the most important nodes ordered at the beginning.

Bounded A1l Soft Conductances (86)

In lieu of specifying the soft parameters to be unbounded, bounded
corrections could also be specified. For an upper bound of +71.0% and a
lower bound of -(1.0 ~- .00001 Go), the correction behavior is as shown
in Table 2-4.

Bounded 16 Soft Conductances

Table 2-5 tabulates the correction behavior of 16 soft conductances
with bounding of + .9 using subroutine KALPBS. Many of the conductances
between the heater and the platform have bounded at the lower end. The
corrected model steady state temperatures are tabulated in Table 2-6 along
with test and uncorrected model temperatures. In general, the corrected
mode] temperatures’are much better than the uncorrected model temperatures.

2.3.2 Subroutine KALFIL - Equations Simultaneous and Time-Wise Sequential

An attempt was made to correct 86 soft parameters by using subroutine
KALFIL, but the number of parameters which must also include all 34 tempera-
tures was too large for obtaining a solution. As a result, a lesser number
of soft parameters was required.

Bounded 16 Soft Conductances

Table 2-7 shows the correction behavior of 16 soft conductances with
bounding of + .9 using subroutine KALFIL. These 16 soft conductances are
the same as those studied using KALPBS. Eight are radiation conductors
from the upper platform. Again using the temperatures at steady state
conditions as basis for comparison, test, uncorrected and uncorrected
model temperatures are tabulated in Table 2-6. In general, the corrected
model temperatures are much better than the uncorrected model temperatures.

2.3.3 Comparison Between KALPBS and KALFIL and with Test Data

A comparison of KAL@BS and KALFIL is given for the case of 16 soft
‘conductances. This comparison is given in Table 2-7. Although the
corrected model temperatures are better than the uncorrected'model

* 1.0 means 100% bounding.

2-7
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Correction Behavior of Several Conductances Among 86 Soft Conductances,

Table 2-4. 34-Node Conventional Platform
YALBS, Bounding {+#1.0, -{1.0 = .00C01 G )), Cool-dcwn Condition, Nodzl Input Order: 44,43,46,...,31,32
_ Time-S1ices*
Conductor Description Original 1 2 ‘3 5 10 20 30 40 5C
# Value t =20 hr : t = .24 hr
tu/hr  °F )
1 .657 657 .653 .654 .657 .706 1.00 1.28 7.3 1.3
5 .657 .657 1.31 1.31 1.27 .7 E-8 .7 E-5 7 E-5 .198 .36
10 .009 .C09% .00% .009 .009 .0%8 .008 .002 9 g-7 £-7
15 .551 .551 .551 .550 .543 562 .700 .309 .200 6 E-5
20 .22 212 .215 .222 .289 424 410 .297 .272 .348
23 .219 .219 .214 215 .215 .212 .202 .205 .23% .257
31 .206 .206 .218 .227 ‘ .233 .223 .262 .337 L4068 412
35 170 .170 .2 E-5 .2 E-5 .8 E-3 .026 .087 .103 o L1058
40 .100 .100 .116 .132 .149 160 157 .155 .156 .18¢
45 .297 .297 .458 .554 .5%% .5o4 .5%4 .594 .594 .534
53 5.91 5.91 6.41 6.33 ' 5.97 3.65 514 788 1.05 . 1.8%
54 9.28 9.23 3.20 3.12 - 3.09 3.08 2.87 2.66 2.31 1.23
58 2.81 2.81 5.62 5.62 5.62 5.62 5.49 2.64 .532 .3 £-4
62 1.69 1.69 .2 E-4 .2 E-4 .2 E-4 .317 5.38 3.38 3.33 3.38
71 75.0 75.0 6.52 4.86 4.35 5.79 8.63 10.3 10.7 10.7
74 37.5 37.5 64.4 .4 E-3 1 2.74 1.82 1.67 1.72 1.71 1.71
78 18.8 18.8 9.90 9.77 . 9.29 2 E-3 2.30 5.87 3.68 2.8
100 . 4,19 E-10 4.19.E-10 3.66 E-1 3.73 E-10 3.81 £-10 2.87 E-10 .966 E-10 .994 E-10 1.13 E~]C 1.52 £-10
105 ' .298 " .298 " .278 " 273 273 0" 284 " 087 v .3 E-15 .289 .595 *
110 1.40 " 1.40 " 1.72 1.73 ¢ 1.75 " 1.70 0" 737 0 .2 E-14 1 oE-14 .1 E-148
113 . 2.40 " 2.40 " 3.13 " 3.13 2.97 2.39 " 2.27 1.77e-10 1.51 E-10 1.44 E-10
120 3.5¢ " 3.56 " 3.67 " 3.0 " 4,33 " 6.69 " 7.13 ¢ .73 7.13 " 7.13 ¢
121 1.19 0" 1.19 " 1.26 " 1.27 " 1.33 1.45 " 1.31 ¢ 1.30 " 1.35 * 1.40 *
122 3.56 " 3.56 " 3.44 " 1.96 3.97 " 7.13 ¢ ?.13 " 7.3 7.13 * 7.6 "
123 1.19 " 1.1 " 1.08 " 1.06 1.44 " 2.38 " 2.38 ¢ 2.31 " 2.1 - 2.00 *
i24 2.37 " 2.37 " 2.33 " 2.40 " 2.89 " 4,73 " 1.55 *® .2 E-14 .2 E-14 .2 E-14
125 2.37 " 2.37 " 3.02 " 4,76 " 4.50 " 4,28 " 4319 " 4.23 E-10 4.23 £E-10 4.24 E-10
126 6.3 " 6.3 " 6.40 " . 6.38 " 6.33 ° 6.31 " 5.66 " 4.28 4.8 " 530 *
1?7 4.75 " 4.7 " 4,55 " 4,57 " 4.67 " 5.60 " 3.5 °© 9.50 " a.50 " 9.50 *
* period between time-slice = .015 hr.
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Table 2-5.

Correction Behavior of 16 Soft Condu
Cool-Down Cendition,

ctances,

Nodal Input Order:

34-node,Convent1‘ona1 Platform Correction Bourds + .3, KALEBS

44,42,46,...,31,32

. <t Time-slices* T
Conductor - Description Original 1 6 9 12 1% 17
& Value t=0hr t = .24 hr
Btu/hr °F '
71 Y 75. 75. 12.8 8.55 7.5 < Bounded g 7.5
| 72 ? 75. 75. 32.7 28.9 29.0 28.7 25.4 22.8 22.2
73 &E e 37.5 37.5 3.7 5w un.ded —==—3.75
74 Egé 37.5 37.5 42.0 39.2 38.4 T 3.75 == pounded =——————iz>- 3.75
75 552 100. 100, == Bounded =10.0
76 82?, 75. 75. 11.5 7.5z Bounced e 7 5
77 % 18.8 18.8 10.0 7.42 5.52 5.08 4.93 4.8% 4.88
78 P i8.8 18.8 . 12.6 11.6 10.9 1.2 1.1 10.4 10.2
120 -:— 3.6554 £-10 3.56 E-10  3.66 E-10 3.67 E-10 .70 E-10 3.76 E-10 3.88 £-10 0 £-10 4.06 E-10
121 ? 1.192 " 1.19 " 1.23 " 1.2 " 26 " 1.28 " S1.300 " .33 : 1.33 "
122 gi*é 3.564 " 3.56 " 3.45 " 3.42 " .53 4.68 " 6.35 " g7t 6.77 "
723 j";é 1.192 " 1.19 " 1.12 " 1.0 " .09 " 1.16 " .‘1.32 " .51' v 1.56 "
124 §; 2.372 " 2.37 2.33 " 2.33 " 410 2.59- " 2.77 ¢ .87 " 2.87 "
125 %é " 2.37 " 2.48 " 3.1 " .81 " 3.65 " 3.40 " 400" \‘3.06 "
126 ‘x‘& 6.382 " €.34 " 6.40 " 5.40 " .36 0" 6.26 " 6.13 " 9 v 623 0"
127 4,749 " £.75 " 4.59 4.58 " .57 " 4,59 " 4,63 " .63‘ " 4,70 "
* = ,015 hr.

Period between time-slice



Table 2-6.  Comparison of Test, Unccrrected and Corrected Conventional 34-Node Platform Model
Steady State Temperatures 16 "Soft" Conductances Corrected with Transient Data, + .9 Bound, KALFIL & KALOBS
: Cool-Down Condition, 17 Time-Slices* of Data ‘

0L-2

-z Uncorrected Model—ze— i KALF I L sz e {AL D BS
Node Test Analytical Difference Analytical Difference Analytical Differen
# TT<OF) TA(OF) (TA'TT) (OF) TA<OF) : <TA"TT) (OF) TA(OF) . . (TA‘TT)(
1 86.0 105.0 19.0 82.3 -3.7 90.2 4.2
2 £4.0 122.5 38.5 99.9 15.0 106.5 22.5 .
3 35.0 36.0 -1.0 29.5 -5.5 23.7 -6.3
4 10.0 4.4 -14.4 -2.9 -12.9 -8.1 -18.1
5 116.0 131.4 15.4 98.6 -17.4 111.4 -4.6
) 229.0 254.8 15.8 2141 -14.9 225.1 3.9
7 116.0 132.5 16.5 87.0 -19.0 112.6 -3.4
8 176.0 203.2 27.2 159.7 -16.3 171.9 ~4.1
9 76.90 64.0 12.0 5.1 -16.9 54.1 -21.9 .
10 23.0 5.4 -13.6 17.5 -5.5 43.6 25.6
11 91.0 124.7 33.7 93.9 2.9 106.0 15.0
12 107.0 145.7 38.7 114.1 7.1 123.6 16.6
i3 42.0 55.2 10.2 48.0 6.0 45.6 3.6
14 17.0 9.3 -7.7 13.3 -3.7 45.2 28.2
21 £9.0 106.0 17.0 83.1 -5.9 g1.1 2.1
22 8.0 121.0 28.0 98.5 5.5 105.1 12.1
23 48.0 37.0 -11.0 30.4 -17.6 29.6 -18.4
24 i5.0 -3.7 ~-18.7 -2.2 -17.2 -7.5 -22.5
25 112.0 135.5 23.5 100.5 -11.5 115.2 3.2
26 158.0 193.4 35.4 153.3 -4.7 164.7 6.7
27 £8.0 - b4.4 -3.6 53.2 -9.0 54.3 13.7
28 23.0 9.8 -13.2 17.7 -5.3 5.2 -17.8
29 104.0 126.7 22.7 95.6 -8.4 107.7 3.7
30 120.0 142.4 22.4 111.8 -8.4 120.8 .8
31 55.0 56.9 2.1 49,5 -8.5 47 .1 -11.9
32 2.0 ~10.5 -9.5 14.4 -5.6 5.6 -14.4
47 105.0 132.0 7.0 95.9 -8.1 108.0 3.0
42 109.0 130.9 21.9 97.6 -12.4 109.1 R
43 189.0 204.6 15.6 166.6 -19.4 175.5 -13.5
- 44 236.0 263.4 27.4 227.5 - =8.5 239.7 3.7
45 - 101.0 63.7 ~37.3 58.8 -42.2 £0.8 -50.2
46 - 77.0 64.4 -12.6 59.7 -17.3 57.0 -20.0
47 45.0 64.1 15.1 58.0 10.0 54.9 5.9
48 28.0 9.4 ~-18.6 17.7 -10.3 52.7 24.7

* Perijod between time-slice = .015 hr. ,
Negative conductances set to a small positive value for corrected model steady state temperatures.



Table 2-7. Correction Behavior of 16 Soft Conductances, 34-node Conventicnal Platform Correction Bounds + .9, KALFIL
’ . Cool-Down Condition

— ‘ Time-Slices* ‘ -
Conductor Description Original 1 2 3 € 9 12 15 17
# Value t=0hr ) t = .24 hr
Btu/hr °F. .
7 ',‘ 75. 73.9 68.1 62.2 5.3 45.8 41.9 39.1 37.6
72 i 75. 572 37.7 23.5 7 . § =G Bounded =7 . 5 7.5
73 yEg 37.5 39.8 9.9 - 3.75 =st—— Sounded ———"""5>"3.75 3.8 4.0
74 g8< 37.5 37.7 36.9 35.3 33.8 32.6° 30.3 27.1 24.9
75 :af’:‘%’g 100. 95.2 36.9 .10.0 —= Bounded r=-10.0 10.1
76 8‘;"% 75. 75.1 73.7 71.5 64.8 59.4 54.9 50.7  48.3
L é 18.8 14.2 19.1 18.7 16.9 15.3 13.9 12.8 12.3
— 78 18.8 14.1 12,9 12.4 © 1.8 11.4 1.1 11.0 11.0
120 T © 3.560 £-10 4.02 E-10 4.52 E-10 5,01 E-10 6,15 E-10  6.56 E-10 6.51 E-10  6.34 £-10  6.21 E-10
121 _ 1.192 " 1.29 " 1.38 " 1.47 " 1.67 " 1.70 " 1.62 " 1.2 * 1.46 ¢
122 §’§ 3.564 °  4.24 " 5.14 *  6.18 " 6.77 "= Bounded g6.77 "
123 E’g 1.192 1.41 " 1.54 " 1.62 " 1.85 " 2.11 " 2.2] " —csemBounded ——s=2 .27 "
124 %g 2.372 " 1.93 " 1.36 " 1.3 " 1.73 " 1.9 " 1.3% " 237 " Bounded
125 455 @ 2,24 % 2,07 " 1.90 " _ll.66 " 1.67 " 174" 1.78 ¢ 177 0"
26 } 6.382 "  6.81 "  7.41 " 7.23 © 5.92 * 5.14 " §.52 " 6.87 " 8.01
127 j 4.749 " 4.55 °  4.26 " 3.85 2.50 " 1.8 " 47 "= Bounded ——== .474

* period botween time-siice = .015 hr



temperatures, the correlation with test temperatures is far from perfect.
For this particular case, there is also little to choose between KAL@BS
and KALFIL, although KALFIL appears to be a little better. The reason for
the close results of KALPBS and KALFIL is the narrow bounding and the
small number of soft parameters. '

Better correlation between test and corrected model temperatures
could probably have been attained with a better choice of soft parameters
or a larger number of soft parameters. The latter is limited by the
capacity of KALFIL and inaccuracy ‘consideration of KALPBS. The important
consideration here is that the 16 soft conductors selected in a somewhat
arbitrary way must be adjusted to obtain a best fit correlation. Thus,
the degree of adjustment is very Timited.

Another consideration for the lack of correlation between test and
corrected model temperatures is the inaccuracy of the functional form of
the math-model. If the functional form of the math-model does not"
satisfactorily describe the physical system, correlation of analytical and
test temperatufes may require parameterlvalues that are not physically
realizable. For example, node 45 of the 34-node conventional platform
can match test data only if a negative conductance (number 125) from the
boundary to node 45 is used. The reason for this behavior becomes
apparent by examining the nodal network. Node 45 is connec¢ted to node 9
which is cooler than node 45. Node 9 is connected to node 8 which is at
a higher temperature than node 45. Thus, the effect of node 8 cannot be
felt directly because of the intervening node 9. Even complete elimina-
tion of the heat loss to the boundary cannot overcome inaccurate modeling.
A more realistic model would be a finer nodalization resulting in a shorter .
path to higher temperature node 8. '

2.4 Correction Results with 4]~Node Heat Pipe Platform Math-Model

Because of the similarity between the 34-node conventional platform
and the 41-node heat pipe platform and'the large number of parameters
associated with the 41-node modeT, only a very limited number of correc-
tion eva]ﬁations were attempted. One of those studied was the correction



of 32 soft unbounded parameters using subroutine KAL®BS. The sequential
correction behavior of these soft parameters in terms of the number of
time-slices are tabulated in Table 2-8. Note that only 24 of the

specified 32 soft parameters were corrected since the remaining soft
parameters were connected to nodes that in turn were connected to an .
unmeasured node. The correction, in general, was not accurate as indicated
by the comparison of test, uncorrected and corrected medel steady state
temperatures as presented in Table 2~9. No attempt was made to use sub-
routine KALFIL because of rather lengthy computer run times.

2.5 Correction Results with 10-Node Conventional Platform Math-Model

The small size of the 10-node model provided a means of obtain{ng
more exploratory information on the capabilities and limitations of both
subroutines KALFIL and KALPBS, as well as to obtain some insight on those
factors affecting the accuracy of the correction. The larger math-models
were unsatisfactory for obtaining the desired information. | -

2.5.1 Comparison of Subroutine KALFIL and KAL{BS

Considering all (22) of the conductances to be soft, bounded
corrections, +3.0, -(1.0 - .OOOO]GO),were made with subroutines KALFIL
and KAL@BS with the cool-down test data as used for the larger models
discussed in previous paragraphs. Sequential correction behavior in terms
of the number of time-slices for KALFIL and KAL@BS is tabulated in
Tables 2-10 and 2-11, respectively. Thirty-five time-slices representing
a time period of 0.51 hour are shown. Some of the conductances, such as
1,2, and 9 of Table 2-10 and 1, 2 and 7 of Table 2-11, have apparently
converged, whereas others, such as 7 and 10 of Table 2-10 and 16 and 24 of
Table 2-11, appear to be oscillating. Still others, such as 11 and 16 of
Table 2-10 and 4 and 25 of Table 2-11, appear to be converging asympto-
tically. The important consideration here is that the set of corrected
parameters at each time-slice reflects the best solution for the period
between the beginning (t = 0 hr) and a particalar time-siice. Comparison
of Tables 2-10 and 2-11 reveals that parameter values, in general, are
relatively close with but a few exceptions. These few, such as conductors
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Table 2-8. Correction of 32 Soft Parateters, 41-Node Heat Pipe Platform,
Unbounded Corrections, KALFIL, Cool-Down Condition
Conducter  Description Origiﬁa] = Time-STices* S
No. Value 1 2 3 6 9 12 15 17
Btu/hr °F t=20hr
55 7.59 s 5.76 4,78 3.91 3.67 3.55 3.47 3.45
56 5.06 1.19 .58 12 -.04 =17 -.30 -.34
57 12.66 10.64 9.45 8.46 8.31 8.30 8,32 8.33
58 7.59 7.67 7.77 7.96 2.03 g.06 7.98 7.92
59 o 7.59 6.71 5.25 .83 -1.71 -2.99 -3.65 -3.79
60 %. 5.06 18.81 24.56 - 21.85 17.91 20.91 26.41 28.05
61 § 12.66 -5.11 -6.78 ~-44 .4 ~-68.10 ~77.62 -75.50 -72.21
3Y4 .g 7.59 6.83 6.09 5.12 4.77 5.70 9.65 11.73
63 2 2.53 2.39 2.27 2.12 2.07 2.04 2.03 2.03
64 :g 1.69 1.41 1.29 1.20 1.18 1.13 1.18 1.7
65 _é 4.22 3.4 3.00 2.65 2.57 2.55 2.55 2.55
66 ‘§ 2.53 1.82 1.46 - 1.14 1.07 1.06 1.06 1.06
87 .90 2
68 .05 = Soft Parameters Uncorrected,
69 & 4 :; Node Connected to Unmeasured Node
70 v .90 -z :
100 A 5.39 £-10 ;g 5.92 E-10  6.21 E-10 6.48 E-10° 6.57 E-10 6.62 E-10  6.63 E-10 5.63 E-10
101 i 3.60 " @ 2.98 " 2.88 " 2.82 * 2.87 " 3.06 " 3.38 " 3.0 ¢
102 g.%3 * 2 8.78 " 10.26 " 10.72 " 10.86 " 1¢.85 *® 11.00 " 11.02 u
103 5.3 " 3 5.21 " 4,95 " 4.45 " 4,26 " . 4.z27 * 4,28 " 4,28 ¢
104 - v .90 "
105 = .30 0" Soft Parameters Uncorrected,
106 g 60 o Node Connected to Unmeasured Node
107 g .60 "
108 ‘: 2.70 " 2.00 " 8.79 * -2.48 " -4.31 * . 5,20 " -5.58 " -5.66 *
109 2 .90 1.57 " 1.89 " 1.52 *® <40 " -3.66 " =65 "  -7.13 "
110 iz 3.60 " .57 -3.26 " -16.91 " -27.93 * 38,72 " . -44,13 " 46,33 ¢
1 & 3.00 2.41 " 1.81 ¢ 91 " Jde -1.21 " -2.93 * ~-3.52 *
N2 1.80 " 1.89 * 1.97 " 2.07 " 2.09 " 230 * 270 " 2,00 °
113 1.20 " 1.33 " 1.3¢ " 1.43 " 1.43 ¢ 1.43 ¢ 1.42 " 1.1 "
114 3.00 * 3.29 " 3.43 " 3.56 " 3.60 " 3.62 " 3.6 " 3.65 "
15 1.80 " ¥ 2.00 212 " 2.22 " 2.25 * 227 " z.28 " 229 °

* Perjod between time-siices =

.015 hr.




Table 2-9. Comparison of Test, Uncorrected and Corrected
Heat Pipe Piatform Model Steady State Temperatures
‘32 Soft Conductances Corrected with Cool-Uown Dota,
Unbounded KALPUGS, 17 Time-Slices™ of Data

Uncorrected Moc}el 32 Soft Conductances
Node Analytical Difference Analytical Difference
¢ Ty °F) Tp (°F) (Tp-Tp(°F)- Ty (F) o (T-Tp (°F)
1 58, 75.8 17.5 - 71.5 29,5
2 68. 76.5 8.5 74.9 6.9
3 58, 63.4 5.4 67.4 9.4
4 60. 58.5 -1.5 72.8 12.8
5 86. 110.5 24,5 124.6 38.6
6 154, 169.7 15.7 183.4 29.4
7 92. 13.1 21.1 126.1 34.1
8 - 89. 104.8 15.8 119.9 ~30.9
9 83. 93.5 10.5 109.8 . 26.8
10 122. 154.5 32.5 169.6 47.6
n 86. 83.2 -2.8 4.6 8.6
12 77. 58,2 -18.8 80.7 3.7
13 69. 72.2 3.2 85.6 16.6
14 gs. - 91.3 2.3 100.4 1.4
15 65. - 47.8 -17.2 - 54.9 C-1001
16 52. 41.0 -11.0 52.0 © 0.0
21 66. 78.5 12.5 ‘ 84.9 18.9
22 51. 77.5 26.5 _ 106.4 55.4
23 64, 65.0 . 1.0 70.7 6.7
24 61. 60.1 -.9 74.3 13.3
25 92, 114.7 22.7 129.8 37.8
26 94, 119.6 25.6 135.1 4.1
27 92, 113.1 21.1 128.2 36.2
28 89. 106.7 17.7 122.0 33.0
29 82, 94.8 12.8 129.2 47,2
30 116. . 146.6 30.6 168.2 57,2
3] 85. 84.2 -.8 116.3 31.3
32 76. 59.6 -16.4 . 81.5 5.5
33 73. 74.2 1.2 89.6 16.6
34 96. 93.3 -2.7 104.5 8.5
35 72. 49.3 -22.7 58.6 13.4
36 59, 52.3 -16.7 56,4 2.6
41 - ge. 93.4 1.4 109.6 27.6
42 85. 108.9 23.8 < 123.0 38.0
43 129, 155.4 26.4 170.6 ' 41.6
44 165. 181.4 ~16.4 1951 - 30.1
45 81. 82.8 1.8 94.1 131
46 8s. 83.5 -4.5 54,8 6.8
47 81. 83.2 2.2 94.5 13.5
48 76. 58.0

-18.9 ‘ 80.5 4.5

* Period between time-slices = .05 hour;
Negative conductances set to a small positive value for corrected model steady state tevperatures

2-15
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Table 2-10. Correction EBehavior of 22 Soft Conductance, 10-Node Pla*form Model, Correction Bounds, +3.0, ~(1.0 - .00C01 G ),
» Al1 Nodes Measured, Cool-Down Condition, KALFIL A

Time (hr)
0 .015 0600 135 .21 .28 .285 .36 .435 .51
Time-Slice™ '
Conductor + Node, Node Description Original 1 2 5 10 15 17 20 25 30 35
# i h] Value ,
Btu/hr °F
1 1, 2 F A 102 .104 107 .108 .107 107 .18 .108 .108 110
z 1, 3 .25 .252 .255 .25 .261 .26 .26 .259 .259 .258° .258
3 1, 4 .25 .249 .249 .248 .252 .258 261 ;265 .276 .283 .234
4 1, 6 10. 10.3 10.4 9.41 7.2 5.81 5.42 5.09 £.68 4,54 4.26
5- 2, 5 " ) .403 .405 .408 412 412 414 416 W42 .42 .433
) 2, 7 g 20. 19.7 18.1 11.2 5.67 4.82 4.75 4.77 4.89 4.98 5.14
7 3, & © 1.5 1.42 30 1.04 1.07 1.15 1.1¢ 1.23 1.37 1.46 1.55
8 3, 8 E 5.0 . 5.55 5.67 3.87 2.15 1.59 1.50 1.47 1.51 1.54 1.62
g 4, 5 S .15 .154 .15% AN 173 72 72 172 a7 A A7
10 4, 9 E) 5.0 2.36 .53 .B1 .85 .52 82 .23 .37 L3286 .3%1
11 5, 10 § 40, 39.7 39.6 KN 40.8 44.4 - 46.3 50.1 57.3 61.5 . 69,6
12 6, 7 E N .103 107 114 112 .108 107 L1067 07 .1ce .109
13 &, 8 e .25 .262 .265 ° .260 .263 .254 .245 .23 .20 .19 .16
14 6 , g ; .25 .293 clt] .31 .302 .261 254 .28 L2867 275 .286
15 7, 10 .4 .405 .42 .45 .486 501 . .51 .53 .57 .59 .64
16 8, 9 1.5 1.80 1.84 1.90 1.75 1.52 1.43 1.36 1.28 1.2 1.16
17 g, 10 .15 .186 .20 .20 16 .108 .10 .09 .087 .087 .084
o 21 1, 50 $, 8.57 E-10 8.92 £-10 9.42E-10 10.4€-10 9.87E-10 9.32E-10 9.21E-10 9.20E-10 9./225-‘.0 9.26E-10 9.27E-10
22 2, 50 §§ 17.14  ° 16.4 " 15.4 " 13.4 v 12.11" 12.85 " i3.2 " 13.8 * 14,7 " 15.% " 15,9 ¢
23 3, 50 EE g.57 " 9.66 " 11.1 " 14.0 " 13.73% 12.23 " 11.9 ¢ 116 " 1.4 4 1.3 ot .2t
24 4, 50 EE 8.57 " 9.22 " 16.2 " 121 f' 11.89" 11.65.* 11.4 " 1.0 * 101 " 9.8 903"
25 5, 50 __f 3.3 " 32.8 " 301 " 217 _" 16.55" 16.80 f‘ 17.1 " 17.7 * 18.4 " 188 " 195 *

* period batween time-siice=015 hr.



Correction Behavior of 22 Soft Conductances, 10-Nede Platform Model,

Poeriod betwean time-siice = .015 hr.

Table 2-11. Corra\.tioﬁ Bounds, +3.0, -(1.0 - .00001 G )
A1l Nodes Measured, Cool-Down Condition KALPBS ©
Time (hr)
¢ .015 L0600 138 21 .24 .285 .36 - .435 .51
ane-“hco*
Conductor Node,Node Descriplion Original 1 2 5 10 15 17 20 25 30 35
§ i J Value
. Btu/hr °F
1 1, 2 i . .100 101 102 .102 102 102 .102 01 103
2 1, 3 .25 .250 .248 .246 .244 .244 .243 .243 .243 .242
3 1, 4 .25 .248 247 .238 .242 .246 .252 262 ~.268 .27z
4 1, 6 10. 9.83" 9.05 8.2] 7.64 7.42 7.07 6.50 6.02 5.76
5 2, 5 . .4 3N .385 .385 .388 .389 39 - .394 .397 .398
6 2, 7 g 20. § 13.22 7.94 6.69 6.40 6.35 6.34 6.37 6.44 6.51
N 7 3, 4 % 1.5 = 1.44 1.28 1.23 1.24 1.24 1.25 1.25 1.26 1.26
= 8 3, 8 E 5.0 'Tg 4.78 4,09 3.73 3.67 3.65 3.67 3.68 369 3.1
. 9 4,5 § .15 'é, .149 147 147 148 148 .148 .148 .143 .143
16 4, ¢ s 5.0 & 4.48 3.3% 3.37 3.76 3.74 3.74 3.81 3.87 3.89
1 £.,10 E 48.0 b4 35.14 23,88 19.33 18.83 18.95 19.26 19.8 20.09 20.04
12 6, 7 g . g .089 .094 .086 .078 .074 .068 .057 .045 .038
.13 6, B S .25 @ .254 275 .307 .329 .336 345 .335 . 363 367
14 . 6, 9 .25 .254 .277 A1 .330 .334 .337 .335 .325 .31
15 7.,1¢C .4 .402 415 .455 .505 .525- .555 . .00 .639 .657
16 8, 9 1.5 1.59 2.08 2.7% 3.01 2.58 2.85 2.52 2.24 2.07
17 9,10 ¥ 5 .188 313 .329 .297 .288 L2862 .280 .284 .286
21 1,50 " 8.57 E-10 8.70 E-10 9.29 E-10 .88 E-10 10.01E-10 10.11£-10 10.04E-10 9.77 E-10 9.44 E-10 9.23 E-10
22 2,50 gfé 17,14 ° 18.57 * 19.72 " 20.09 " 20.38 " 20.51 * 20.73 " 21.14 " 21,57 * 21.%0 *
3 3,50 : ‘E:’:’—- §.57 *® 8.7 " 9.3 * 9.8 * 10.05" 10.10" 10.16 * 10.23 * 10.29 " 10.32 *
26 4 , 50 gl; 8.57 g.10 " 7.47 " 7.58 " 7.94 " g.00 " 7.99% 7.87 v 7.5 * 7.73 *
25 5,50 =8 34.3 32.7 * 28.55 ™ 25,38 " 22,99 22,11 20,91 " 19.28 " 18.24 " 17.87 *
&



10 and 11 have re]a%ively Jow sensitivity values as indicated by the
sensitivity coefficients tabulated in Table E-1 of Appendix E. This is
somewhat surprising since the results of KALQBS on the large models
were very disappointing. It appears that the reasonably good result
with KALPBS is due in a large measure to the small model.

An indication of the correction accuracy was obtained again by
using the steady state temperatures corresponding to the test data of
time-slice one. | Steady state temperatures of the corrected 10-node model -
at time-slice 17 and 35 were generated and are tabulated in Table 2-12
for KALFIL and Table 2-13 for KAL@BS along with the test and uncorrected
model temperatures. The temperatures of the corrected model are much
better than the uncorrected model. It should be noted that the solution
at time-slice 17 differs from those at time-slice 35. Comparing Table 2-12
and Table 2-13, the results of KALFIL correlate better than those of KAL@BS.

2.5.2 Temperature Sparsity

One of the important considerations in the evaluation of the thermal
network correction program is the effect of temperature sparsity on the
accuracy of correction. To obtain some sort of indication on the capability
to correct soft parameters of a model that does net have temperature data
for each math-model node, several different sparsity situations were studied
using the 10-node math-model and subroutine KALFIL. These situations can
be readily identified by referring to Figures A-8 and A-9. The first case
considered was the elimination of a single node as a measured node that had
the Teast effect on the total syStem; thus, node 10 was selected to be
unmeasured. A second case eliminated a single measured node that had substan-
tial influence on the total system; node 1 was selected. The last situa-

. tion chosen was the elimination of a large number of measured nodes without
having large pockets of uncorrectable parameters because of unobservability
consideratiohs; nodes 1, 5, 8 and 10 were selected.

Table 2-14 1ists those corrected parameter values after 17 time-slices '
of data have been processed for the three temperature sparsity cases as well
as for the case of complete temperature measurements. All but a few .of the



 Table 2-12. Comparison of Test,Uncorrected and Corrected 10-Node Platform Model, Steady State Temperatures,

Cool-Down Conditicn, KALFIL, Beunds, 3.0 -(1.0 - .00001 GO), A1l Nodes Measured:

¥

Uncorrected Model

22 Soft Conductances

Corrected Model

Boundary

Node Description Test Model Difference 17 Time-Slices 35 Time—Siices
# Data Temp. (TA--TT) Temp. Difference Temp. Cifference
.TT( F) TA( F) (°F) TA( F_) (TA"'TT)( F) TA( ") (TA"TT)( F)
1 s 85.0 95.8 10.8 74.8 -10.2 83.6 1.4
S 42 -
2 9 22.5 10.2 -12.3 27.6 5.1 23.3 0.8
< L%] .
3 =28 107.4 148.8 41.4 109.6 2.2 129.6 22.2
| S w =il ’
D 22 187.4 200.7 13.3 191.7 4.3 204.3 16.9
T 89 . v :
5 2 51.6 32.6 -19.0 59.5 7.9 52.6 1.0
6 i 91.0 98.4 7.4 77.5 -13.5 86.9 4.1
) S : .
7 «g 31.5 11 -21.4 31.6 0.1 27.7 -3.8
o wn .
8 =g 135.0 154.6 19.4 112.7 -22.3 129.3 -5.7
s = : '
9 = 139.0 -182.3 44.3 121.8 -17.2 134.9 4.1
—
10 4 42.5 32.9 -19.6 59.3 16.8 52.5 10.0
50 -50.0 - -



Table 2-13. Comparison of Test, Uncorrected and Corrected 10-Node P]atformwMOQe1 Steady State Temperatures,
Cool-Down Condition, XALPBS, 3Bounds, +3.0, -{1.0 - .CCOCI Go) A1l Nodes Measured

Uncorrected Model Corrected Model (22 Soft Conducuar s5)

0¢-2

Node Description Test Model Difference 17 time-siices* ' 35 time-slices*
# Data Temp. (T, - T+) Temp (T,~T+)(°F) Temp. ( -T )( F)
TP TR AT o,y AT
T A (°F) TW°F T, (°F)
] i 85.0 95.8 10.8 | 93.1 8.3 98.7 13.7
oy
2 L EE3 22.5 10.2 -12.3 14.5 -8.0 19.8 -2.7
v OoOT =
3 852 ¢ 107.4 148.8 41.4 136.4 29.0 138.5 31.1
Do O W
4 o =% 187.4 200.7 13.3 ~ 194.7 7.3 188.1 .7
Q) i
5 RE: 51.6 32.6 9.0 52.9 1.3 61.6 10
6 ”?" 91.0 98.4 7.4 98.3 7.3 104.7 13.7
7 . £ 31.5 1.7 -21.4 1e.1 -13.4 24.3 -7.2
QO W’
8 gL 3 135.0 154.6 19.4 145.5 11.5 148.3 13.3
- T =
9 = 139.0 183.3 443 165.1 26.1 170.3 21.3
10 ___& 42.5 32.9 -19.6 53.5 -9.6 62.7 20.2
50 Boundary -50.0

* Time between time-slices = .015 hr.



parameter values are approximately the same even for the high temperature
sparswty situation. Those that are far different have low sen¢1t1v1uy as
indicated by the sensitivity coefficients of Table E-1. - Note that a few
of the parameters were uncorrectab]e because of unobserv1b1]1ty resulting

from the presence of unmeasured nodes.

"Using the parameter values listed in Table 2-14, steady state tempera-
tures were calculated for each of the three temperature sparsity cases.
The results are tabulated in Tab]ev2~15 and compared with test data. These
results show that even the extreme sparse conditions yielded much better
correlation with test data than the uncorrected model. It is also apparent
that the large sparsity situation yielded less accurate results than the
other less sparse cases.

2.5.3 Interval Between Temperature Data Points

In a previous paragraph (2.1.2) a least squares method of interpolating
recorded temperature data to obtain mere freguent (time-wise) data was dis-
cussed. The important consideration in the selection of the interval
between data points as discussed in Appendix B (Section B.2.1) is that the
interval should not be considerably larger than the network solution com-
putational interval. The basis for this statement lies in the computational
procedure of the thermal network correction program. Since the network
time-step normally is smaller than the temperature data interval, the thermal
network correction program provides minimal parameter updating between
temperature data points. This means that an optimum condition occurs when
the network computational step is approximately the same as the test data
interval. Since the network computational time-step continually changes
during a transient solution, this optimum situation is difficult to obtain.
Further, if the network solution time-step is very small, a large number of
temperature data time-siices would be required to cover even a relatively
small time period if the temperature data interval and the network sclution
time-step were approximate]y the same.

In order to obtain some indication on the effects of the temperature
data interval on the correction accuracy, three different data intervals

2-21
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" Table 2-14. Comparison of Corrected 22 Soft Conductances for Different Sparsity Conditions,
10-Node Platform Model, Correction Bounds, +3.0, -(1.0 - .C000} Go), ZALFIL Cool-Down Condition

Corrected Model, 17 time-slices,*t = .24 hr

Conductbr Ncde, Node  Description Original A1l Nodes Node 10 Node 1 Nodes 1,5,8,10
# i J Value Measured Unmeasured Unmeasured Unmeasured
tu/hr °F Btu/hr °F Btu/hr °F Btu/nr °F Btu/hr °F

i 1, 2z _?f‘ . 07 .108 .106 108

2 1, 3 25 .26 .26 .264 .266

3 1, 4 .25 .251 .261 - .277 2N

a 1, 6 10. 5.42 5,22 11.44 10.67

5 2, 5 ! 4 414 413 .412 .43

6 2, 7 = 20. 4.75 4.41 5,03 3.12

7 3, 4 o 1.5 1.19 1.17 1.17 1,10

8 3, 8 e 5.0 1.50 1.50 1.73 2.55

9 4, 5 8 15 172 173 173 .159
10 4, 9 o 5.0 .62 .54 .364 ,507
i 5, 10 S 40. 46.3 35.4 46.3 Unobservable
12 6, 7 £ . 107 107 118 120
13 6, 8 j’ .25 .245 .246 .223 .217
14 6§, 9 .25 .254 .234 .24 .221
15 7, 10 : .4 .51 .44 .51 424
16 8, 9 ' 1.5 1.43 1.43 .44 2.30
17 9, 0 _i_ 15 .10 13 103 .095
21 1, 50 __:: 8.57 £-10 9.21 E-10C 9.18 E-10- Unobhservable Unqbsefvab?e
22 2, 50 & s v 13.2 ¢ 12.9 " 13.7 £-10 9.36 E-10
23 3, 50 s 8.57 " 1.9 12.0 " 12.3 ¢ 12.6
2 4, 50 2% 8.57 " 1n.4 n.s " 1n.8 " n.e "
25 5, 50 = 35.3 v 1730 18.0 "

* "Period between time-siice = .015 hr.

7.4 "

Unobservabie



Table 2-15. Comparison of Test, Uncorrected and Corrected 10-Node Platform Model, Steady State Temperatures, Cool-Down Condition
Correction Bounds, +3.0, -(1.0 = .00001 Go)’ KALFIL _

‘ . Corrected Model, 17 time-slices * 22 3oft Conductances i
1 kY a ’ >
Uncorrected Model Nodes 1,5,8,10

£e-¢

Node Description Test ‘Model Difference Af] Nodes Measured Node 10 Unmeasured Noge 1 Unmeasured Unmeasured
# ‘ Data Temg. (TA - TT) TeTp. Differenge Tefg. Differﬁggg Te@p‘ Differenge TETE' Diffgfengg
TT(°?) TA( F) (°F) TA( F) (TA-TT)( F) TA( F) (TA~TTJ\ F) TA( . (lA-TT)( F) TA( F) (TA"TX F)
1 = 85.0 95.8 10.8 74.8 -10.2 74.7 -16.3 75.2 -5.8 72.6 . ~-12.4
2 ,g:g 22.5 10.2 -12.3 27.6 5.1 26.8 4.3 26.3 3.8 16.6 -5.9
3 é%g 107.4 143.8 41.4 109.6 2.2 . - 1095 2.1 107.1 -.3 105.0 2.4
& é:%'g 187.4 200.7 13.3 191.7 4.3 190.2 2.8 190.0 2.6 187.9 3
-5 fféi_ 51.6 32.6 19.0 59.5 7.9 59.4 7.8 58.2 €.6 29.0 -21.6
6 — 91.0 98.4 7.4 77.5° 135 77.6 -13.4 76.2 -14.8 73.6 7.4
7 ‘S 31.5 1.1 -21.4 31.6 0.1 = 1 30.8 -7 30.2 -1.3 19.9 -11.6
'8 g_@ ‘135.0 154.6 18.4 - 112.7 -22.3 | 114.1 -20.9 169.0 -25.8 109.0 -30.0
9. §;2 139.0 183.3 _44.3 ' 121.8 -17.2 125.1 -13.9 116.7 -22.3 116.9 -22.1
10 ,'S 42.5 32.9 ©-19.6 59.3 16.8 59.3 "~ 16.8 58.0 15.5 25.2 -13.3

50 Baundary . -50.0 - -

e

* period between time-slice =_.015 hr.



of .005 hours, .015 hour and .03 hour were examined using subroutine
KALFIL. The network solution computational interval for the cool-down
period was about .006 hour. The results are tabulated in Table 2-16.

A1l of the parameter corrections were affected by the data interval.
Approximately half of the corrected parameters were influenced very
little; some were moderately influenced and a few were affected considerably
by the time interval between data points. The latter consists of conduc-
tor numbers 6, &, 10, 11 and 17. A1l of these conductances, with the
exception of conductor 17, have relatively low sensitivity values as
indicated by the sensitivity coefficients tabulated in Table E-1. The
behavior of conductance 17 is not clear at this time.

Theoretically, the larger the number of time-slices the better are
the results. This assumption was examined by comparing the steady state
temperaturés corresponding to the test data at time = 0 hour. These
temperatures for the three different intervals are listed in Table 2-17.
In general, the temperature at the smaller data interval correlate
better than the longer intervals, but the differences are not large.

2.5.4 Different Sets of Temperature Data

A1l previous results were based upon a set of temperature data
corresponding to a transient cool-down condition with no power genekétion.
Another consideration that is particularly important is the use of a set of
temperature data that corresponds to a different environmental condition.
Since the correction fechnique represents the matching of the corrected
model temperatures with a particular set of temperature data over a
specified time period, it would be of particular interest to compare the
correction of a model with a different set of temperature data. As a
result, a heat up condition as described in Appendix B was employed.
Temperature data used for this purpose is tabulated in Table B-3.

Using the same 10-node model exercised with the cool-down data, the
twenty-two soft pafameters were corrected with the heat up data; it should
be noted that the heat sources were considered to be "hard." The results
are tabulated in Table 2-18. Most of the conductors match very closely,

2-24
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Table 2-16.
10-Node Model,

Effect of Temperature Data.Interval on Parameter Correction Accuracy,
KALFIL, Bounded,+ 3.0, -(1.0 - .00001 Gg), Cool-Down

e TiERE = D3 B e

. etprresn—e Timer « .05 hr Time v .12 hr Time + .18 hr Time « .26 hf c——arn
Time-Siice ¥
CZ”}:‘:‘:M Wf E:e?: Pesertption c;:gérﬂr (.m57hr) (.01535r) (.Olzhr) (.DO;Bhr) (.Dlsshr) (.D}ahr) (.ocgsh.-) (.Olsghr) (.Olshr) (.Ooglhr) (.0‘.;Jhr) (.L‘]7hr) (.w;ghr) (.\‘n;’hr} (.ozghr)
Btu/hr © .

] 1 2 T .10 104 L1058 .108 .07 107 109 106 108 W0 105 .07 168 L1605 197 13
2 1 3 .25 .25% 257 259 .258 260 .262 .259 .262 .263 .257 260 .62 255 259 252
3 1 4 .25 256 249 .247 288 288 287 .25% .25 248 262 .25 .250 .272 261 254
4 1 s 10.00 9.¢4 10.21 10.86 7.75 9.41 10.43 5.74 7.7% 9.25 4.63 6.32 £.04 4,304 5.468 5.96
s z H) .40 .403 407 .40 408 .408 432 416 AN 413 409 412 414 408 414 416
6 2 7 - 20.00 11.02 15.80 16.76 4.69 1nas 14.08 2.78 6.21 10.29 2,78 5.01 8.59 3.08 4.765 7.83
7 3 4 f- 1.50 1.13 1.1% 1.7 .99 1.04 V.07 1.08 1.04 1.0 1.14 1.2 1.10 1.18 1177 1.i6
8 3 8 i 5.00 3.43 5.06 6.18 1.66 ER:74 5.63 .82 2.43 4.48 .65 1.78 .67 673 1.514 3.
9 4 5 E .15 162 164 168 170 an A13 72 74 174 172 73 J178 72 Ar2 73
19 4 3 é 5.00 27z 578 1.16 .598 .810 1.26 560 906 1.43 .33 .52 1.28 247 433 .932
LA] s 10 “gs 40.00 .73 39.35 39.12 20.53 39.13 39.4% 6.33 40.24 40.71 1.28 A2.82 £2.29 5.40 4£.37 43.5
12 ] 7 s .10 .08 W10 116 109 14 W20 L1806 B ] BFi Bl 108 RV .08 107 BRAL
3 6 8 .25 285 262 .278 .263 .260 276 270 .263 270 254 260 254 218 W85 L2351
14 5 e .25 .304 .34 299 il i ki .304 .298 e .307 . 288 2767 .288 .305 256 .2he
15 7 15 .40 430 428 421 .463 452 447 .503 .483 463 546 L4395 474 555 1M .48
% [ 9 1.50 1.91 1.8 1.58 1.90 1.90 1.61 1.7% 1.61 1.62 1.57 1.62 1.53 1.461 1.443 1.413
17 9 19 .15 188 .198 ik 473 108 215 126 174 .205 Q72 L1286 176 .0as 093 145
21 1 50 T 8.57 £-10 9.72 E-10 9.89 £-10 10.38 £-10 10.72 E-30 10.38 E-10 10.71 E-1C 9.51 &-10 10.12 £-10 ‘10.54 E-10 9.05 £-10 9.50 £-10  10.07 £-10 9.10 E-10 9.25 ¢-10 9.65
o4 2 50 52 7.4 ° 15.43 " 14.68 13.3 * 13.10 " 13,38 12.96 " j2.88 1203 .83 ¢ 13.57 12.50 " 2.2y ¢ 14.90 13.25 ~ 12.72
23 3 50 :.if’ 8.57 " n.e " 12.37 * 13.73 ¢ 13.28 " 14.03 " 15.00 ~ 12.62 " 1414 " 1.7 11.28 12.86 " w2 " 10.56 " .9 - 13.22
24 4 50 E:'é. 8.57 * 10.83 * nn o* n.s -~ n.a7s " Zn - 1z.41 " n.e 12,23 ¢ 12.37 " 11.9¢ n.e - 11.94 1.3 " 11.46 *° .45
] 5 50 _9: 343 " 26.89 ~ 27.13 *° 25.85 " 19.60 21,73 " 21.5% " 1556 16.96 * 17.76 " 16.63 16.5%6 " 17.28 7 16.68 " e 17.72

-10
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Table 2-17. Comparison of Correctec Model Steady State Temperatures for Three Different Temperature Data Intervais
Cool-Down, Correction Bounds, +3.0, -(1.0 ~ .00001 Go), KALFIL

Corrected Model, Time Period 0 to .24 hr

Test Uncorrected Model 9 Time-Slices {At=.03 hr) 17 Time-Slices (4t=.015 hr) 49 Time-Slices (4t=.0C5 hr)

Node Description Data Temp. Difference Temp. Difference Temp. Difference Temp. Difference

# - T; (°F) T, (°F) (Ty-T7){°F) T,(°F) (TA-TT)(°F) T,(°F) (TA-TT)("F) TA("F) (TA-TT)("F)
1 - 85.0 95.8 10.8 72.9 -12.1 74.8 -10.2 78.2 : -6.8
2 §:§ 22.5 10.2 ;12._3 28.9 6.4 27.6 5.1 24.6 2.1
3 §i3 i 107.4 148.2 41.4 106.3 ' -1.3 109.6 2.2 117.2 $.8
4 ;gg 187.4 200.7 13.3 183.4 SR T B IR T Y 4.3 199.4 12.0
5 §§’_ 51.6 32.6 19.0 60.3 8.7 59.5 8.1 57.4 5.8
6 '—_ 91.0 98.4 -7.4 75.6 -15.4 77.5 -13.5 81.3 -9.7
7 g 31.5 11.3 -21.4 31.3 -.2 31.6 04 31.% 0.6
8 §§ 135.0 154.6 19.4 111.9 ~23.1 112.7 -22.3 114.4 -20.6
g gg 139.0 . 183.3 44.3 130.9 -8.1 121.8 -17.2 118.0 -21.0
10 LS 42.5 32.9 ~-19.6 60.3 . 17.8° 59.3 16.8 - 55.3 12.8
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Teble 2-18.  Camparison of Corrected Parameters, Cool-Down and H2o%-Up Data, 10-Kode Nodel
KALFIL, Bourds, +3.0 -{1.0 - .00001 Go)

3001 1g ErmecGrrmree K201 1 G e 00 111G Eommeetir—e 228 {1 —rmetrmecl 00 { P Hea LI g L0 175 =Tz HE 4§ g cmemrefirees(50 ) § RE<Crmpen ROt Rz~C

ciremmn 22 CONAUCLORS oSt Lo 18 iy oeraes 22 CORAUCEOTS w3 et 22 LORGUCLOTS mtoreGDo #8e oD 22 CONGUCTET'S montismestle ¥ o e 22 LONAUCLOrs—mee St T
. Orfginal =@ 0,015 hrwr—e2=—=1,015 hr «0.06 hr 1.05 hr ~—ercimee20.135 P fomtmse—— 1,135 hF weaitom@0.2] by Bemetommas 1.2} P commeemstzime) 24 hromcihommsms 1,24 hy ==
Cond.  Mode Xode Doscription  Value .
$ 1 b Btu/hr °F  wcBoem——2 Ti{me-Sitces S Time-S11cag =———trmedmmmme— 10 Time-S1ices et e 1 5 TIPE-511025 ety 17 T102-511085 mmomwan
1 1 2 R .104 10 a0 67 .10 .102 .108 10 .13 o7 o a3 07 Rl J104
2 1 3 .25 .255 .25 .251 .260 255 .254 .261 261 .258 .260 .264 261 280 .265 .28)
3 1 LI .25 249 .252 251 .248 267 .261 .252 299 .281 258 318 297 1261 .14 300
4 1 6 10. 10.40 1011 0. 9.41 9.72 9.70 7.28 8.80 8.6} §.81 8.43 7.79 5.42 7.8% 7.55
5 2 5 " 4 405 401 400 .408 .40 . 401 .15 .407 .409 412 .18 .21 414 422 423
[ 2 7 § 0. 18.1 19.37 19.37 .2 16.46 16.45 5.67 11.03 11.05 4.92 7.35 7.35 4.75 6.40 5.3%
7 3 L3 kY 1.5 1.30 1.45 1.64 1.04 7.42 13.44 i.07 1.27 1.39 1.15 1.13 1.13 1.1% 1.7 132
3 3 & b 5.0 5.67 6.32 6.32 3.87 65.43 6.48 2.15 - 5.35 5.70 1.5% 4.77 5.21 1.%0 4.66 5.08
3 4 s § .18 L158§ .155 1534 71 167 168 173 188 173 72 168 73 72 e an
19 4 S § 5.0 .53 782 777 .81 610 .602 .85 521 543 .52 524 541 .82 528 500
H 5 0. 3 4.9 .96 38.74 38.75 391 29.25 29.21 - 40.9 9.47 9.39 4.4 2.3 2.43 £5.3 1.43 1.61
12 6 7 g Ja ) .07 102 .102 114 .105 .104 2 107 106 .103 07 .108 297 107 o0
13 6 8 Y .25 265 .269 .259 260 .23%4 .293 263 .312 .308 .258 .39 .305 .245 ’ 337 .303
14 6 b .25 .30 .en .277 .31 .297 295 .302 .336 .332 253 .357 353 254 363 )
15 7 10 .4 42 408 406 45 435 .435 485 ) 405 503 JA3F 487 .51C 401 481
1 a 9 1.5 1.84 1.24 1.24 1.0 . 592 595 1.75 143 185 1.52 .04 .020 1.43 027 078
17 9 10 V 15 .20 .168 .168 .20 72 a1t 18 179 73 103 1e0 .182 10 183 185
23 ] s0 AS 8.57 E-10 . 9.42 £-10 8.75 £-10 8.75 £-10 10.4 £-10 B.92 E-10 8.89 £-10 9.87 £-10 8.78 E-10 §.47 E-109.32 E-10 PG5 E-10 789 E-10 9.2 E-10 8.31 £-70  7.72 E-10
22 4 :c':a_g_c! 17314 7 15.4 " 16.59 " 16.69 " 3.4 " 15.99 * 15.99 " iz ot 4.4 " 14.13 " 12.85 " 12.517 12.48 " 13.2 * 2.9~ et
& 3 E: 8.57 nmy - 9.04 " 9.03 * 160 " 10,13 " 9.3 * 13723 . .8 " 10.65 " 12.33 " 12.33 " 10.78 * 1.9 " 12.44 * 0.8 °
24 4 §§ 8.57 w2 - 9.22 * g.19 2.1 11.36 " 10.63 " 1t.88 14.45 " 1,66 " 11.65 16,66 nye " g c 15.57 * N.719 °
z5 5 3 '{I” 3.3 * w3 32,73 " 32.73 * 217+ 8.4 * 28.52 " 16.55 * 23.70 " 23.18 " 15.89 " 23.9% " 24.51 * 7" 24,37 * 24.87 °
Ssurens .
4 - - 339.6 Biu/hr - - 30 - = m.s .- - © 2%0.8 297.1 236.9
) - - 75.4 ® - - 76.1 - - 77.9 - : - 79.5 79.2 733
¢ Poricd bogroxen timo-siico = 015 howr. -

o0 22 seft coulvstors end 2 coft scurces.



Table 2-19. Comparison of Corrected 10-Node Model Steady State Temperatures
Cool-Down & Heat-Up Test Data, KALFIL Bounded +3.0, -{1.0 - .00CC GO), 17 Time-Slices*

-t Corracted Model T
e COOT-D0OWN Datadres -t Heat-LUp Data S -
, : 22 Soft Conductances
Test Uncorrected Model e e 22 Soft Conductors s=—r——ceime & 2 Soft Suurces
Node De cription Data Temp. Difference remp. Differche TeTp. D1fferpqre Temp. lerenge '
A o [o] 2T e - ‘o =T or o} - o or -
# TT( F) TA( f) (TA 1) Tl F) (TA o) r, TA‘ F) ()A T)°F TA( F) ( A 17) F,
1 i 85.0 95.8 10.8 74.8 -10.2 70.8 -14.2 84.7 -.3
£ o
2 Sm 22,5  10.2 -12.3 27.6 5.1 21.3 . -1.2 24.7 2.2
4+ 32 i .
3 =0 107.4  148.2 41.4 109.6 2.2 88.8 -18.6 107.3 1
-9 i : '
N §J§‘" 187.4 200.7 13.3 191.7 4.3 162.5 -24.9 188.9 1.5
™ AL O .
[s9]
5 :’:fs 51.6 - 32.6 19.0 £9.5 8.1 44.2 7.2 . 46.7 -4.9
6 ! 91.0  98.4 7.4 77.5  <13.5 72.5  -18.5 - 86.7 -4.3
7 k§ 31.5 171.1 -21.4 31.6 0.1 23.8 -7.7 27.4 -4.1
8 =3 135.0  159.6 19.4 112.7 -22.3 87.9 47.1 - 106.4 ~28.6
= .
9 g’h 139.0 183.3 44 .3 121.8 -17.2 110.9 28.1 129.7 -9.3
e} . ] .
10 'J&- 42.5 32.9 -19.6 0 59.3 16.8 45.6 - 3.1 49.3 6.8

* period between time-slices = .015 hour.



" although several conductor values differ considerably. A complete
one-to-one correlation was not expected because the corrected parémeters
can only reflect a given set of temperature data. Further, the cool-down
results should be better than the heaf up results merely from the fact
that the heat up condition has heat sources as an additional area of
uncertainty not present with the cool-down condition. _ This reasoning
was explored by again correcting the 22 soft conductors in addition to
the two'heat sources of nodes 4 and 5. These correction results are
tabulated in Table 2-18. The corrected conductors again, in general, are
relatively close to the values determined for the other two cases. Note
that the two soft sources have been corrected. At this stage it is diffi-
cult to assess the correctness of the conductors '

Again using the steady state temperatures as a test of accuracy, the
temperatufes of the models corrected during cooling and heating were
compared with the test data at time = 0 hour. These results tabulated in
Table 2-19 reveal that indeed the correlation is better with the cool-down
data correction that the heating data correction with just 22 soft conductors;
the latter, in a general sense, is better than the uncorrected model. How-
‘ever, the heating data correction with the 22 soft conductors and 2 soft
sources is better than the cooling data correction.



3.0 REFLECTIONS ON THE EVALUATION OF THE THERMAL NETWORK CORRECTION
PROGRAMS

A number of factors, such as temperature data interval and tempera-
ture sparsity, and considerations, such as different sets of temperature
data corresponding to different environmental conditions affecting‘thermq1
network correction, were explored by using math-models of a spacecraft-
type platform. The exploration was separated into two major facets corre-
sponding to the two thermal network correction subrouu1nes KALEBS and KALFIL.
The former was developed to correct a large network and the latter to
correct a small network.

3.1 Subroutine KALEZRS

Potent1a1 accuracy shortcomings on the use of subroutine KALABS
were recognized during the development of this progtam. As a result, a
careful evaluation of this program was in order. A previous evaluation
study3 with the use of computer-generated temperatures from a math-model
yielded sufficiently encouraging results to pursue the evaluation further
with test temperature data. The present study revealed that correction
accuracy can be a problem when a large model is corrected with KAL@BS;
this jnaccuracy appears to Be due to error propagation from one node to
another since for small models the parameter corrections are relatively
good. In spite of accuracy difficulties with KAL@BS, useful information
on the functional form of the model can be obtained. o

3.2 Subroutine KALFIL

Subroutine KALFIL, developed for small models or for larger models
(1ess than sum of soft parameters and temperatures) with limited number of
soft parameters, was evaluated with some success in a previous study using
computer-generated temperatures. The present study with the use of test
temperatures has again yielded good correction results. The evaluation
explored the affect of several factors bn the correction_accuracy resulting
in guideline information. In addition, the good correction results from
different sets of test temperatures have greatly increased the possibility
of KALFIL becoming a working analytical teol for correcting small models or
other applications that require the solution of the inverse problem. '

3-1



3.3 - General Comments

The evaluation of correction subroutines required the use of
"some sort of criterion to indicate the correction accuracy. Certainly
one measure would be to match transient temperatures for each node.
Another method, and perhaps a more severe test, is the matching of
steady state temperatures even though the correction was based on
transient data. This approach which provided rapid visualization and

comparison was adepted.

The evaluation did not attempt any nodal capaéity correction
because of two reasons: (1) subroutine KALFIL as presently programned
does not allow for the simultaneous correction of capacity and parameters
on a given node although capacity can be corrected individually (sub-
routine KAL@BS allows for this simultaneous correction); and (2) capacity of

nodes is necrmally known accurately.

It should be noted that an in—depth examination was not made to
ascertain the cause of temperature differences between tést and corrected
model temperatures. On the surface it appears that some of the differences
are due to the inaccuracies of the functional form of the model, but per-
haps a major consideration is the temperature data itself since a simple
averaging procedure was used when more than one thermocouple was located
in a given nodal region.

The results clearly indicate that if only a limited number of
parameters are to be specified as soft, it is important that the para-
meters specified as hard be relatively accurate.

Future evaluation studies should consider the effects of factors
such as temperature noise, parameter error estimate and should consider
a more in-depth examination of different environmental conditions on the
reproducibility of correction results. Future evaluation studies should
examine in more depth causes of temperature differences between test and
corrected model temperatures.

3~-2



4.0 RECOMMENDATIONS

The evaluation of the thermal network correction programs with
test temperatures has yielded sufficiently good correction results that
a further evaluation study should be considered, especially with
small models, since a number of useful applications can be anticipated.
It is recommended that: '

'(]) the effects of other factors such as temperature noise and

and parameter error estimate be explored;

(2) other systems with test temperatures be explored with
both KALFIL and KAL@BS; |

(3) the correction subroutines be improved by incorporating
re-start capabilities, by improving input requirements,
by incorporating simultaneous correction of capacity and
parameters on a given node (KALFIL), etc.;

(4) the correction inaccuracies be explored more fully by
examining functional-form inaccuracies, temperature

data inaccuracies, etc.;

(5) the use of the correction programs for other applications
such as model generation, simultaneous property measure-.
ments, etc., be explored.

4-1.
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A.  DESCRIPTION Og TWO TYPES CF PLATFORMS, MATH-MODELS AND TEST DATA

The two platforms used in the present study are identified as:
(1) conventional platform (platform without heat pipe); and (2) heat
pipe platform. Physical characteristics of these platforms in the test
configuration, math-model characterisitcs and test data are described in
the sections to follow:

A.1  Platforms and Test Configuration

A.7.T1 Physical Characteristics of the Two Platforms

Both platforms, after fabrication, were thermally identical except
for the heat pipe/saddie insert in the heat pipe unit and the use of
0.051" facesheet -thickness under the high heat dissipating components for
the conventional platform; the nominal facesheet thickness used for the
remainder of the conventional platform and throughout the heat pipe platform
was 0.016". HWeight of the conventional platform without packages was

©.-6.2 1b and the heat pipe platform 10.8 1b for the same conditions. A

schematic of the heat pipe platform is shown in Figure A-1; the conven-
tional platform is the same except for the absence of the heat pipe.

The platform was constructed of an aluminum honeycomb,struéture one
inch thick with 1/8 inch cells. One surface and the edges of the honeycomb
were insulated with multilayer insulation as illustrated in Figures A-2 and
A-3 to approximate adiabatic boundaries. Figures A-2 and A-3 also show
the thermocouple locations of the conventional and the heat pipe platforms,
respectively. A]uminum'p]ates with heaters were used to simulated com-
ponents. OQOutside surfaces of these plates were painted such that the
hemispherical emittance = 0.86; unblocked areas on the platform had a
hemispherical emittance = 0.86 (No. 850 aluminum Mylar tape).

The heat pipe used was a stainless steel water-filled pipe with a
conventional wick system. Five wraps of 70 mesh screen was used in the
evaporator and ten wraps of 70 mesh screen in the condenser.

A-1



Aluminum plates with heaters
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1" thick, 1/8" cell aluminum honeycomb structure

Figure A-T. sketch of Heat Pipe platform
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‘A.1.2 Test Configuration

Both the heat pipe platform and the conventional platform were tested
simultaneously by'mounting the platforms back-to-back with insulating
standoffs and multilayer insulation in between as shown schematically in
Figure A-4. With this arrangement the front side of the platferms and
the simulated components radiated directly to the chamber walls which were
cooled with a liquid refrigerant. The platform assémb1y was suspended in
the chamber by the use of a dacron cord to minimize thermal interchange by
conduction. Heat input to the components was furnished via.heaters; no
other heat sources such as a lamp were used. Thus, heat input to the
simulated components was determined from current and voltage measurements.
Temperature measurements were made with the use of copper-constantan

thermocouples.

A.2  Mathematical Models of Conventional and Heat Pipe Platform

A.2.1 Conventional Platform Models

Thirty-Four (34) -Node Model

Location and number of tempefature measurements on the conventional
platform conveniently dictated a nodal arrangement illustrated in
Figures A-5, A-6 and A-7, which also show in-plane connections and thermo-
couple Tocations. Nodal locations for .the upper half of the platform, for
the lower half of the platform and for the heaters are indicated in
Figures A-5, A-6 and A-7, respectively. Variable temperature nodes
numbered thirty-four; a single boundary temperature node representing the
average cold sink temperature of the chamber wall was used. Complete
math-model characterisitics are tabulated in Table A-1 and nodal connec- -
tions in Table A-2. |

Conductances used in the model were based on standard math-modelling
procedures. No attempt was made to adjust conductance values manually
in order to correlate better analytical and test temperatures.

A-5
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Table A-1. Characteristics of 34-Node Conventional
Platform Math-Model

BCD 3INODE DATA

HEATEOR KNODES
44¢80.5 009 $ Actual node number, temperature (°F),
43480.55203 heat capacity (Btu/°F) '
46480 o 0F8
47480513
GEGEQegal135
41480.4.203
4 o80ap e
48 g BCoag o UHA

UPPER SULFACE, PLATFIRM NUDECS
5;80a90043 :
Q4 BDepo120
T9P0eyeltad
6480cyeNé]
81»8009.,124
10780»;.;’.0{0
3,8065.C097
1¢BCesalsn
2¢B0.9.12%
4e¢BUcpa (71
137800? 0032
11¢RCoyoN%8
1298’0099()“71 :
14,004,026

LOwER SURFACE,PLATFORM NODES
2136Cap D45
22980090139
23¢3Cey 097
498065071
e84y .06
¢Hh1B0ey o032
Z71¢8Ceyrol’
Zayf’;o»v -10
2998Cay.015
204809013
51980a9.022
?22¢8LegaNCH

BOUNUARY NLDE
-100,-60.,0.0

LCU 2ASVURCE DATA

HLAT INPUT Fik TEST COMDIYION THKEZ, STEADY STATE

41,1  $ K1 = 0.0 Btu/hr

424K2 $ K2 = 0.0 v

42,K?2 $ K3 =81.9 "

LN $ Ka = 273. i

45,K8 $ K5 = 0.0 "

4E oK E $ kb =24.9 "

4T, KT $ K7 = 36.5 " .

4B.KE $ K8 = 13.0 "

£ ND



BCD
“UPPER

Table A-1.

JATA

SURFACE CUNDJCTIUN
$ Conductor number, actual node number,

actual node number, value (Btu/hr °F)

ACUHHNEUC TOR

]719?,»557
CsZedse 128
Re3pbypoill?
445 gbgoc?

Ry Ty 806057
Cylligléiee?e
Ty 1l 137
BelZelZeaNd?

9,17 51446025

LUd7 F SUR

CONDUCT 1L

104 By 3,000
1148y%y 077
12464394035
132455, .0298
14,155, .5%1
1545574521
1heTellget5l
1742469072
1846 48: 0472
19s8y1l2s.472
c093:9;.21&
219G yl3y.0297
2294410 5.15h
23510514,.2109
FAach
J172192270206
22¢22v225.128
224234244102
244754209 .2175
2832652750170
363274285137
2792943054172
24,303314.10¢
3G31437:,.086
4092192519100
4l ecB929s.140
L2022320s086
L£30£6930,0120
Lo 92342 Te:22c¢
45,2T¢31¢.297
b6e243by 015
T428¢725.2'9
N CUMDUCTANCE
Clels2l 45,91
52:¢2¢2245.06
53;3923913006
5494924yq023
55359259043
Sﬁy792593o28

‘5790g269e37

EBy89lE92.81

5049¢2T:16.88
6GC410:28,13.5
610119290197
€2:12¢3041.69
63v13931y4922
Eheléo32:.3.38

(Continued)
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Table A-1. (Continued)

CONDUCTION CONDUCTANCE BETWEFN HEATERS AND UPPER SURFACE
TLo4le7,75,
T2:%3,8,75,.
T3,45,9,437.5
T4y34649937.5
E347+49:100.
76;48,107759
TT¢62:45518,8
785‘14pbf1358
CONDUCTANCE BETRICN HEATERS
TQet2yalolebl
BOsb4,421.41
RADIATICN COEFFICIENTy PLATFORM T0O SINK
CAL ~10041,:10054565642731a714E~G951,
CAL °10192v1001056e.375 1o714E-G, 19
CAL —102:3,10043e564e93731.714E-G,
CAL "1(..‘59 ,1(“)'046'07)-) 1le 71.4L""9919
(,AL ‘IC yzy’f\nynséy0052v1e7}.4E"(}91o
CAL —1054£451004905650021 31.714E-991,
CAL ‘1L6 TelDUgoebBbeolBhelaTleb~-9,1
CAL '10?78,l.‘.:“:_\'vo5(‘.yo09“’1‘915714€"991a
CAL "10879910090569n3751l-73.1+E"9910
CAL —10G 3104100 56494625510 714E~9910
fAl “11174.._910\/90/69012)91 714" 991@
CAL =1105114519Cy o569y ola€ylaT1l42-941,
CAL 114911910L9-,v1-315y1 T14E=-G,41,
CAL =1134144100765590250510T7145-9,41,
RACTIATION COEFFICIENT  HEATERS TO SINK
CAL =120,4141005 7454281417145 -9,1.,
LCAL =121 4424100007 o004y 1oTl4E~G4l0
CAL "'lZZy :y100y.7é‘7o,5191 71‘“"‘ vln
CAL =122 434691003474,y .094,1,T145=9,1,
CCAL —124404541004 67454187, T140-G91 o
CAL =125434643100307%3e187,1.T714E-941,
CAL =-12€43473100) 6744 500,1.714%-941,
CAL =12T79484310Cy oT49e2T75,1.71145-9,1,
END :



Table A—la,.Second Nodal Arrangement of 34-Node Conventional
Platform Math-Model '

BCD 3NQODE DATA
UPPER SURFACE, PLATFORM NUDES
1:80c0peb45 ¢ Actual node number, temperature (°F),
248000024 heat capacity (Bru/°F) - '
3:80e90097
4,80ec50071
5:8D050048
6380000041
748060145
898001}0!2%
9800450130
§10+80c,0104
1180000486
120800,eCH1)
136800 ,0032
14680000026
LOWER SURFACEPLATFORM NUDES
213800045
22530'09“039
2398000097
2408005007}
£59800p¢06
264800450052
27080cgeld
28980e5010
290800,0015
30580040013
31080050032
32:800,00G26
HEATER NODES
418005203
4238005009
4380050203
%498009009
458004068
‘46e80090068
473800418
48,8001 35
BOUNDARY NODE
“!008°5Q¢v000
END
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9, N00E-0&

3 2.0308201L

The 6 800E-02
1 600E-01
1.3508-01

2.6G30F-01

9, 000E~0DZ

N VAV

2s051E-03

T.6C8E=-03

BN ALTENE

1.7556~-03

(o bBlr-ut

bob42b-07

He 800 L-112

4,800E-07

1o 30C0E-01

1 ° EC\)' E‘(!}

2.333£-03

R TGP b=k

L C=VALJE | CSG=VALUE COND

?d
80
-123

72

B0

-12

74
-125

5

~126

16
~127

71

1<
~120

17

707

-121

13

-124

14
15
55
77
-104

11

12 .

20
21
59

T4
75
~108

A-14

Nodal Connections of'34—Node Conventional
~ Platform Math-Model

TYPE G-VALUE TO NODE TYPE

LIN
LIN
RAD
LIN
LI
RAD

LI
RAD

LIN

RAYD

Liwn
A
LI
LIw
AL

LIN

LIN

RA*)

LIN
RAD

LIN
LIN
LIN
LIN
LIN
RAUD

Lin
LIn
LI

LIN

LIN
L1
LIw
LI
LIn
RAD

1. BBOE+OQL

1.4106+00

1.192E-10
7.500E+01
loula+u0

3. 00640-10

30 THUE+0L
2.372E-10

1,000 E+02

bo362b=10

T.5C0OFE+C1
4. 149E—10
T.5L0F+01
1.4)CE+LL
3. 564 ~110)

1.880E+01

1.410+00

1,192F-10

3, 750401
2.372€E-10

2. 2001 ~01
“.H510L=-C1
5.510E-01
44 300E-01
1.880E+01
4,99 1E~11

le3700-01
T T00=—02
Se5(NE~-(2
2.120E-01
2.9 TCF=01
1e608E+CL
A, TS0 +( 1
3. 7O+ 0L

1.000E+02 -

3. SVQE-I.O

6
43
1G0

5
44
100

3
160

9

160

10
100
N
42
160

i

160

- 100

-~ = O

25
42
1¢0

16
‘.8
6
3
13
21
45
46
47
100

DIfF
DIFF
BOUN

DIFF
UIFF
BUUN

DIFF
RUUN

DIFE
BUUN

DIFF
BOUN

DIFF
NDIFF
RUUN

OIFF
DIFF
BUUN

DIFF
BOUN

DIFF
DIFF
DIFF
DIFF
DIFF
BUUN

Dit+
DIFF
DIFF
DIFF
DIFF
DIFE
DIFE
OLFE
DIFF
BUOUN



7 1.450£-01 1,810E=03

it

Table A-Z.

e i+ e o o e S

8 16240F=-01 1557k~ 03

R

34, 70580

L 1.4%30-01

Sl 57“’1':

-2t

LelfHE—13

7.1796E-03

1,307 E~02

}L9170E=02

&L L00ESA T, 0TE-03

(Continued)
ETLIN €.8T0E-0C1
15 LIN %0510L-01
16 LIN 5.510F-01
56 LIN 3.2B0E+00
71 LIN 7.5C0E+01
-106_ RAD .1.497E-10
4 LIN 2.200E-01
12 LIN H.500E-02
13 TUIN 2. BUDESGZ
17 LIN 4.720E-01
18 LIN 4.720E-01
5T Lin 3.700E-01
78  LIN 1.6308+01
-105  RAD 2.97eEmll L
5 LIN 6.570E- -01
107 LIN 9. C00E-03
11 LIN 7.700E-02
18 LIN 4.720t-01
19 TLIN 4.720E-0L
53 LIN 2.810E+00
72 LIN 7.500E+01
107 RAD 9.022E-11
7 LIA 1.370E-01
20 LIN l.500E-01
23 LIN 2.190E-91
60 LI 1.350b¢01 .
70, TIN T.500E+01
L RAU HoYyyi-lo
2 L1y 1.280E-01
5 LIWN 1.0Z0FE-01
13 LIN Z2.800E-02
20 LIN 2.120i6-01
63 LIN l.260F+01
~1ng RAD HewSabE—~10
1 LiN f.570E-C1
14 LIN 9.5100-01
51 7T LIN S0k
107 RAD 4.1950-190
1 LIN 6e%570L-01
2 LIN 1.280:-01
17 LLIN 4.720E=01
Y2 L1d 2e16 Ju+00)
161 RAD 3.599L-10

A—]S

10C

14
VA

AT

1CC

et
—
-
—
~

DIFF.

DIFF
DIFF
DIFr
DIFF
BOUN

DIFF
DIFF
DIFF
DIFF

DIFF

DIFF
DIFF

BOUUN

DIFF
DIFF

DIFF
DIFF
DIFF
DIFF
DIFF
BUUN

DIFF
DIFF
DIFF
DIFF
DIFF
30uUN

GLEF
DIFF
JleF
DIFF
D1FF
BOuUN

OGlEr
DIFF

DIFFE

BUUN

DIiFF
DIFF
DIFF
OlFr

RiJUN

e

Y e aeaes e o e



7.100€-02"

Table A-2. {Continued)

1,213E~03

22
54

LIN
LIN

3.,200£-02

C»o?bst—()}

i

3 . LIN

11

4, 800E~D2

1. 714£-02

9 LIN
10 LIN

o2l LIn
63 LIN

—-112 RAD
6 LIN
16 LIN
61 LIN

=110 RAD

12 4.100E-02 1oo5TE-02
S — e - 6 LIN
6  LIN
19 LIN
B €2 LIN

14

20 600E-02

3,900k-02

o360 =03

TG 500E-02 Te23YF-03

7.117E-03

23

24

o

9. 700E-02

7.100E6-02

Ge DI E-UL

7T.4C3E-03

~111  RAD

9 LIN
23 LIN
64 LIN
~113  RAD

31 LIN
40 LIN
51 LIN

31
5
42

52

LIN
TLIN
LIN
LIN

32
33
A

53

LIN
LN
LIn
LN

7et44E~03

el b=-02

33 LIN

4k LIN
56 LIN
34 LIN

40
41
55
56

LIl
LI
LI
LI

A-16

T3LIN

RAD

1.626E~01

lo 560&"01
9, 280E+00

7199610
402008702 [
3.506E-02
9.000E-03

2.970E-01

4220400

2,995E-10

2.2006~01

5.510E~01
Le970E+00
L 4C1E=10

2¢200E=0L
4, 2C0E=-02

4, T20E-01
1.690F +00

1.2008-10"

3.500L=02

2.190FE-01

3.380E+00

20400E710

2,060E-01

1.0COE~01

5.9106+C0

2. 060E-01
leZOUE_Ol
Be60GUE-0Z
5, 060F+00

1.280E-01

1.GZ20E-01

2:129E-C1

l.266E+0L

1.020E-01
1.560E-01
9.280F+00

Lo 19DE~UL
1. 0UDE-01
Lo OIE-UL
. 300E-01
3.250E400

106G

100

TTT3DIFF

10 DIFF

. 24 DIFF |
100

BOUN

12 DLFF

14 DIFF

8 DIFF
9 DIFF

31 DIFF

1¢G BOUN
12 DIFF
7 DIFF
29 _DIFF
BUUN

(L1 DIFd
13 DIFF

8 DIFF
30 DLIFF
BOUN

DIFF
DIFF
DIFF
BOUN

13
10
32

100

22 DIFF
¢5 DIEF

1 DifFF

21 DIFF
23 DIFt

26 DIFF
-2 DIFF

22 DIFF.
24 DIFF
27 DIFF

3 DIFF

23 DIFF
28 DIFF
4 DIEF

DIFF
21 DIFF
29 DIFF

5 DLFF
"7 DIFF

26

DIFF

DIFF
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Table A-2.  (Continued)

26.5.2006-02 1.357E-02 ,
- 34 LIN 2.750E-01 25 DIFF
35 T LIN T.700E-01
42 LIN 8.,600E-02 = 22 DIFF
. 43 LIN 1,200E-01 30 BIFF

2T DIFF

57 LIN 3.700E-01 & DIFF
58  LIN 2.810E+0O0 8 DIFF

27 1.3076-01 7.346E-03

T35 LIN I.700E-01 26 DIFF
36 LIN 1.3706-01 28 DIFF
44 LIN 2gl20E-01 23 DIFF

TGS T LIN 2.970E-01 31 DIFF
59 LIN l.&638E+01 9 DIFF
28 1.000k=u1 7.137E-03

36 LIN-1.370E-0L
46 LIN 1.560E-Q1 2% DIFF
47 LIN 26190E~01 32 DEFF

27 DIFF

ANTTTLTINM 1. 350E+01 10 DIFF

29 1500802 64573603

37 LIN 1.,720E-01 30 DIFF

41 LIN 1.400E-01 25 DIFF
b1 - LEN 1.970£+00

30 1.300E~N2 6.226E-03 L T

37 LIN 1,720E-01 29 DIFF

38 LIN 1.060E-01 31 DIFF

43 UIN 1.200E-01

62 LIN 1.690E¢00 1z DIFF

31 3.2006-02 £,745E6-03 -

) T T T3 LN 1L 060L-G1 T T 30T 0IFR

39 LIN 8,6060E~02 32 DIFF

o 45 LIN 2,970£-01 2T DIFF

S T T T e3T UIN 4.220E%0077T 13 DEFF T

3¢ 2460002 T.USKE~03

39  LIN B.600E-02 31 DIFF

47 UIN Z2.190E-01 "~ 28 DIFF

64  LIN 3.360E+90 14 DIFF

A-17 -

11 DEFE

26 DIFF



Ten (10) -Node Model

In order to reduce computer computational time as well as to obtain
some indication on the effects of nodal size on the network correction
process, a small 10-node model was generated. Nodal locations for the
upper half of the platform which has been combined with the heaters are
indicated in Figure A-8 and for the Tower half of the platform in
. Figure A-9. Ten variable temperature nodes and one boundary node repre-
senting the chamber cold sink temperature were employed. Complete math-
model characteristics are tabulated in Table A-3 and nodal connections in
Table A-4. Parameter values were obtained by combining the values
used in the 34-node conventional platform math-model. No attempt was
made to adjust conductance values manually in order to obtain better
correlation between analytical and test temperatures.

A.2.2 Heat Pipe Platform Model

Location and number of temperature measurements on .the heat pipe
platform are somewhat different from the conventional platform because of
the presence of the heat pipe. Nodal Jocation and in-plane connections
for the upper half of the platform, for the lower half of the p1atform and
for the heaters are indicated in Figures A-10, A-11 and A-12. Forty nodes
represented variable temperatures and a single node represented the
average cold sink temperature of the chamber wall, It should be particu-
larly noted that a single node is used to represent the vapor temperature
within the heat pipe. Temperature of the vapor within the heat pipe was
not measured because of extremely difficult instrumentation problems. Com-
plete math-model characterisitics are tabulated in Table A-5 and nodal
connections in Table A-6. '

Conductances used in the heat pibe piatform math-model were based
on standard math-modelling procedure. No atteﬁpt was made to adjust
manually conductance values in order to correlate better analytical and
test temperatures.

A-18
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Figure A-8. Nodal Pattern and Thermocouples of Upper Half of 10-Node Conventional
Platform and Heaters



e~y

© Matnh-model nodes

& Thermocouples on platform

A a & &

66 64 62 60
10 :
1603 NN

e &

58 % 57

A & H— VW

74 7 72

L 1|

T 1] | T I 111

L[|

LA

65, 58, 74

Figure A-9.

~NEmT [Sawee]

Nodal Pattern and Thermocouples of Lower Half of 10-Nad
Platform

D

Q

64, 57, 72 - 62, 56, 79

AT

60, 55, 68

Ceaventional




Table A-3. Characteristics of 10-Node Conventional P1a"tf0rm

BCC 3NQDE DATA .
' Fe80090269 ¥ Nede no., initlal tomp., capacity
2080.050168
3¢:8C000e23%
%oBOego4l8
5980(:9 0783
'éeBCovoCBO

ToB800,0168 7
865069075
6yBOcsoCEDS
10:8Co502€2
'50;"5037000

END

BCC 3SCURCE CATA
3,K1 $ K1

L O

~d (N«

LyR2 $R2
£,K3 $ K3

o u
2 C1 O

END
BCD 3CONDUCTOR DATA e
CONDUCTANCE CCNDUCTANCE
lyls2yel ‘
2? ]. 931 .25 ) o T e e e -
3plebsels
(“9 l?’év 10,
E4235904 e e
612977200
793949195

813&89 5.0 e e e it e e
Co41rS:015 ’ ) .
1054:59540 :
114551C+40, o T
129627501

13¢8¢E9 25 o ) S

1446454425 o
15979 1‘)9.‘4

1o¢85S551la?

1795105415 , o T T v

RADIATICN CUNCUCTANCE; PLATFORM TO SINK -

CAL -zlﬁ1050010?050910711?E°(;9100

CAL ~2242+30slosleCrle?l4E-Gslo0
CAL =2373,4500ka9CoSeloT7l4E~54140

CAL -24'49507,"'90"59L°71(’E'g9100 '
CAL =2535¢500b0920ColeTl4E~S41,0 T T
END .
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NCDE

Table A-4.

1 2.€S0E-01

2 1.680£-01

3 5.34CC-01

4 4,180E-0C1

5 7,830E-01

x

¢ 8,C000E-02

7 1.680E-01

S 6,5CCE-02

10 2.¢2CE-C1

C-VALUE ~

Nodal Connections of 10-Node Conventional Platform

204515f92

7.906E-03 _"'

7.466E~-02

5.746£-02

1.8&2E-02

754 7E-C3

LIN
- LIN

RAD

LIN

RAD
2

7 LIN
8 LIN
3

LIN

TLING

3
T
3 LIN
0
4

BelG5E-03

"T.111E-02

hat61E~03

10 LIN
-24  RAD
LIN

9~ LIN
11 LIN
-25 RAD
4 LIN
12 LIN
- T UIN
14 LIN
“&¢ LINT
12 UIN
5  LIN

8 LIN
13 LIN
16 LIN
10 LIN
12 UINT
15 LIN
17 LIN
11 LIN
15 LN
17 LIN

A-22

~ LINT.O00E=0T T2 DIFE T
TN

TR

LIN

LIN

"TRAD

- SGEVALUE CORY™ TYPE G=VALUE TU WODE TVPE

2.300E-01 3 DIFF
2.500E-01 4 DIFF
1.000E«0L & DIFF
8.570E-10 50 BOUN
[,OCOE=oT T DIFE 77

4,000E-01 5 DIFF
2.000E+0L 7 DIFF )

1;714§§0§ 'éb BOUN

2.300E-01 TTIUTFET T
1.,500E+00 4 DIFF
5,000E+00 8 DIFF .
8USTCESTO TBUBOUN T
2.500E-0L 1 DIFF
1,5C0E+00° " 7T3TDIFF T

1.,5C0E~01 5 DIFF
5,000F+00 9 DIFF

‘8 ,5T0E=10"""50 BUUN

4 GO0E-OL 2 DIFF
1.500E=01 —~ FDIFF T
4 O00E+UL 10 DIFF
3,428E-09 50 BOUN )
1.,000E+01 1 DIFF
1.000E~01 7 DIFF

7 .500E=0T B DIFF

2 .500E-01 3 DIFF

7, 000EFTT 7 OIFF

1 U00E-01 6 DIFF
4,000E-01 10 DIFF
5.000E400 3 DIFF
2.500E~01 6 DIFF
1.500E+00 9 DTFF T T
5.0C0E400 4 DIFF
SCFgOE-01 T T DIRF T T T
1 .500E400 & DIFF
1.5006-0L 10 DIFF .

4,000E+01

E+0L 5 DIFF
4,000E-0T 77T DIFFTTTTT
1.500E-01 9 DIFF
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Figure A-10, Nodal Pattern of Upper Half of 41iNnde Heat Pipe Platform
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Table A-5.

8CD
UPPER SUR

3NIDE DATA

‘ Cliaracteristics of 41-Node Heat Pipe Platform Model:

FACE, PLATFORM NODES

1780590066
2480070039
348009097
4 380,595,060
543600y 0042
6¢80:7.039
7:80s9+194
8¢800¢ 042
3980050066
10y80.5.039
11480045057
12!80010066
13;80¢5.019
143;8004.013
15,80649.032
1658045019

& PLATFORM NODES WITH NO HEAYT PIPE NODES

$ Actual node numier,ateﬁpe;ature °r,
heat capacity (Btu/ F)

§ PLATEORM NUDES WITH HEAT PIPE NODES

LJWER SURFACE: PLATFCRM NUDES

HEATER N

ZIQSOcYnOéQ
22780690039
23580044097
243800900606
2658064060
3048065 0C39
31480049097
328004066
33,80049.019
3438009013
35980690032
36y80050.019
2558065015
26580,5.012
274800906
28980090015
OCES,

4138005203
4298009.09
43’80&902C3

44,8009 009

45,8005 .068

HEAT PIPE VAPIR NUDE

BOUNDARY

£ND

46980090068
473800518
48980090135

SOQBOAQ—lO
NODE

~100;-60. 300

$ PLAYFORM Nﬂ@‘S H!THOUT HEAT- PLPE NUDES -

" PLATFORM NODES WITH HEAT PIPE NODES



Table A-5.

3SOURCE DATA

(Continued)

BEO
_ HEAT ENPUY,FOR TEST CONDITEON VHREE, STEADY STATE
L1e K $ K1 = 6.8  Btu/hz
42,K2 $R2 @ 0.0 0
. &3yK3 i p e 81.9 " ) o : -
GGy K4 §1E = 273.0 "
45, K5  § RS =0,0 -« "
o &6y KE  § K6 % 24,9 N i
' 4T KT $ K7 = 36.5 "
48; K8 $¥8 =13.0 "
END

UPPER SURFACE CONDBUCTANCE,

TTRCO ACHNDUCTOR DATA
UPPER SURFACE CONDUCTION CONDUCTANCE, PARALLEL TO HEAT PIPE

LOWER SURFACE CONDUCTANCES,

’”sglofngolg‘

Llele29e179
2923340128

3?31‘1‘79112
‘(*79 107@!79

6vl19129011d

791391.49 OOC\O, R

Boldslhy o062

951541640037

100556952323
1169756231
1297¢84.2C2

1391?59«28‘
14520690186

15939790465 .

1694!89 e28
1705099028

185691054186

195 Tellyo%65

208,129 .28
2199'13)018
22¢1051445.12
23; 1151592013
245125169.18

3121+305.,179
32:229230.128
320235245112
34529:30450179
3573093150128
36931329112
37433934906
38349359042
39y 355369037
4092542649 .1C
4102692754071
$2:2T21280 063

& _BETHEEN

~$ BETWEEN PLATFORH NODES .

$ BEYWEEN NUDES WITH NO HEAT PIPE NUDES

HEAT Rﬁagf&abgs;J;Q“;;'“,~.f

PERPFNDICULAR 10 HFAE PIPE
$ HEAT PIPE NODES TO PLATFORM NODES

PARALLEL TO HEAT PIPE

$ BETWEEN NODES WITH NG HEAT PIPE NODES

¢ BETWEEN HEAT PIPE NUDES

A~27



Tab1e A-5.

LIOWER SURFACE CONDUCT
43,21¢250.24
44922020916
459237271 elfc
469244285024
47325429024
48;2693059.16
46427531y 040
5Cy 28532924
5129933518
52¢309345.12
525219355413
549329365018

N CUNDUCTANCE
55519219759
5692122:5.06
571 372_59 123 (’)A-.‘)
5849249 1.59
5Gy932%y 759
60510530,5006
611193151260
62;1293297059
6351343342.53
64y 14e3451.69
6591553554422
56y L0 3692453
(‘7, ‘392‘3, o(;U
()8769259.05
69974275014
TCy 928y 30
CONDUCTION CUNDUCTANCE
Tls4ls9s 750
T2443910,750
T3,45,11,37.5
741 4011193705
75:47:11,100.0
{ Gy ‘0'89121759
T7s42+5410.8
78y 4%964918.38
CONDUCTANCE BETWEEN
7(774211?191.41
8C744143; le4l ’
CUNDUCTANCE BETWEE
9ly 50195y 3022
927 5(),(’),3.22
Q3 5(.‘,7,4.50
Glhay 5038180
U5, 509255 3.22
(')(‘»9 5‘)9£67 3« 22
9745049271450
95, 50+28¢1.80

CUNDUCT LU

{Continued)

PERPENDICULAR TO HEAT PIPE
PLPE NOODES TU PLATFORA NODES

ANCES
$ HEAY

$ GETWEEN PLATFORM NODES

BETWEEN UPPER AND LUWER SURFACE
$ BETWEEN HUNEYCOMB NODES

F3

$ BCTWEEN HEAY PIPES

AETWEEN HEATERS AND UPPER SURFACE

HEATERS

N VAPOR AND HEAT PIPE NUDES

UPPER
UPPER
YPPER
UPPER
LOWER
LOWER
LOKHER
LOWER

PLATFURM-EVAPURATUR END
PLATFOKM-EVAPURATOR END
PLATFURM-CONDENSER END
PLATEFORM-CONDENSER END
PLATEURM-EVAPURATUR END
PLATFORM-EVAPORATOR END
PLATFORM-CUNDENSER END .
PLATFORM-CUNDENSER END

R P

¢ e B e
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Table A-5.  (Continued)

RADIAT LON CU&FFILIENTv PLATFORKM TO SINK
CAL =10041¢1005 o565.562¢1cT14E-9510
CAL ~101924100¢056503T5s1.7T1%4E-91-
CAL ”1329331009o5690937pln714E‘99Lo
CAL =103¢4s10Cs05650562310714E-9, 10
CAL -13495710099559u094y10714E”9y1a
CAL =1055651007569s03191e714E~9F1-
CQL -10697910C1eSb;oOprlo?LQE-Q?le
CAL -1079891009eﬁbyuOﬁZplo?l@E—gqlo
CAL ~108;9910Cse569028L91.714E~9s 10
CAL *ngylovleoso569a0947lo?l4t”9919
CAL ~1110129100 9056931251714 =9515
CAL =-1104115107050562e312916TLl4E~-99lo0
CAL —112,1&,1009356,.18791.714E~991.
CAL —113¢1451005.5650125510714E-G sl
CAL ‘114915;1039e507o3l291o714E’991»
CAL =115516510043.565.187510714E-951.

RAOLATIUN CUEFFICIENT  HEATERS TUO SINK
CAL =120:419100 374928191114 951
CAL -1219*2y1C33674g5094v1 T14E-9¢l.
CAL ’172043vl ,c74902blﬁ1 71@L 995l
CaL ‘123749,1C0v0749o094 1o 7‘4£ -9yl
CAL ”X>Q9459lu070741c187 1o 714E-95 1l
CAL '17),40’1Cny9749clb[ l ?IQE gglaA
CAL =12694741C04eT45.53Cs 10 T14E=S 410
CAL '12??4b91009a749a3759l 7L14E~9:1.
END
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‘Table A-6. Nodal Connections of 41-Node Heat Pipe Platform Model

NODE 16 HAS THE CSGRIN OF 4.83204E-04%
NUDE C-VALUE CSG-VALUE COND  TYPE G-VALUE TUO NCDE TYPE

1 6.600E-02 7.973E-03

1 LIN 1.750E-01 2 DIFF
13 LIN 2.800E-OL 5 DIFF
55 LIN 7.590E+00 21 DIFF

» ~100 RAD 5.394E-10 166 BOUN
2 3.900E-02 6.835E-03

1 LIN l.790E-0L 1 DIFF
2 LIN 1.280E-01 3 DIFF
14 LIN 1.860E-01 6 OLIFF
56 LIN 5.060E+00 22 DIFF

" _101 RAD 3.599E-10 100 BOUN
3 9.T00E-02 T.055E=03 '

2 LIN 1,280E-01 2 DIFF
3 LIN 1.120E-01 4 DIFF
15 LIN 4.650E-01 7 DIFF.
57 LIN l.266E+01 23 DIFF

102 RAD B,994E-10  10C BUUN
4 b.b00E-02 HB.033E-03 ' - :

3 LIN lel20E-Ul 3 DIFF
16 LIN 2.800E-01 8 DIFF
56 LIN 7.5%90E+00 24 DIFF

: _103 RAD 5.394E-10 100 BUUN
5 4.200E-02 1.TE£2E-03

10 LIN 3.230E-01 6 DIFF
13 LIN 2.8C0E-0O1 1 DIFF

17 LIN 2.8C0E~-01 G DIFF

67 LIN 9,000E-01 25 OIFfF

77 LIN 1.880t+01 42 DIFF

91 LIN 3.220E+00 50 ARTH
~-104 RAD 9.022t-11 1C0 BOUN

b 3.,900F-02 1.655€-03 ,
10 LIN 3.230£-01 5 DIFF

11 LIN 2.310E-C1 T DIFF

14 LIN 1.860£-01 2 DIFF

18 LIN 1,860E-01 1¢ DIFF

68  LIN 5.0C0E-C2 26 DIFF

78 LIN 1.880L+01 44 DIFF

92 LIN 3.22CE+D0 50 ARTH

: -10% RAD 2.976E-11 100 BOUN
I 1.9405-01 3.213E-02 '

11 LIN 2.310e-01 o DIFF
12 LIN 2.020t-01 g DIFF
15 LIN 4.650E-01 32 DIEF
19 LIN 4.6500-01 11 DIFF
69 LIN 1.400b-01 21 DIFF
93 LIN &o 5008000 50 ARTH

~106 RAD 5.451lE-1l1 100 BOUN
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Table A-6.

§ 4.200E~02 1.2C4E~02
: 12

16

20
70
94

-iot

Y 65.600E-02 To919E-04
: 4

17

21
59

71

-108

1D 3.900E-02 4.832E~-04
V A

5
18
22
60
72

~109

11 Y. 700E-02 5,143E-04

' 5
6
19
23
61
73
T4

15,

-110
12 6.600E-02 7.924E-04%
: ~ 6
24
62
76
_ -111
13 1.900£~02 6.,676E-03
T
21
63
-112
14 le200E-02 b.623E~03
7
8
22
64
-113

A-31

20

LI

LIN
LIN
LIN
LIN

RAD

LIN
LIN
LIN
LIN
LIN
RAD

LIN
LIN
LEN
LIN
LIN

IN
RAD

LIN
LIN
LEIN
LIN
LIN
LIN
LIN
LEIN
RAD

LIN
LIN
LIN
LIN
LIN
RAD

LIN
LIN
LIN
RAD

LIN
LIN
LIN
LI

- RADB

(Continugd)v

2,020E-C1

2.8GOE-OL
2.800E-01
9,000E-01
1.800E+00

5.951E-11

1.790E~01
2.800E-01
1.800E~01
7.590E+00
7.500E+01
2069710

1.750E-0}

1.280&-01
1.860E-01
1.200E-01
5,060E400
7.500E+01
9.022E~11

1.120€-01
4,650E-01
1.300E-01
lo266E+01
3.750E+01
3., T50E+01
1,000E202
2,995E-30

1.120E-~01
2,8C0E-01
1.800E-01
7.590E+00

7.500E+401
2. 995E=10

6.000E-02

1.800E~01

2.530E400
1. 7T95E-10
6. 00QCE-02

4, 200E-02
1.2006-0L

1.690GE+00 .

1.200E~10

L

4
12
28
50

100

10
5

13

29
41
100

9

11

6
14
30
43

..300

10
12

7
15
31
45
&b

-
t

100

11
8
16
32
48
100

14
2
33
100

13
15
10
34
100

DIFF
DIFF
DIFF
DIEF
ARTH

BUUN

DIFF
DIFF
DIFF
DIFF
DIFF
BOUN

DIFF

DIFF

DIFF
DIFF
DIFF
DIF¥
BOUN

DIEF
DIFF
DIFF
DIFF
DIFF
DIFF
DIFF
DIFF

"BOUN

DIFF
DIFF
DEFF
DIFF
DIFF
BOUN

DIFF
DIFF
DIFF
BOUN

DIFF
DIFF
DIFF

DIFF

BOUN |

N g 0, = e———— s



15

16

21

22

23

24

29

30

31

32

3,2006-02

1.900€-02

6. 400E~-02
3,900E-02

9.T7T00E-02

6.,600E-02

o AODE-02

3.900E-02

9, TOOE-0Z

6a600E-02

Table A-6.

7.024E-03

(Continued) -

23

€5
~114

60730E-03

7T.991E-03

7.293E-03

BcjloE-Oj

BQOéOE-OB

6.654E-03

7.223E-03

£.126E-03

24
66
-115
31
43
55

32

U
(o

vy W
-~ T W

Ul W
o Oy W

34
47
51

59.

31
34
35
48
52
60
35
36
49

53 .

61

36
50
54
62

A-32.

LIN
LIN
LIN
LIN
RAD

" LIN

LIN
LIN
RAD

LIN
LIN
LIN

LIN
LIN
LIN

LIN
LIN

LIN
LIN

LIN
LIN
LIN

LIN
LIN
LIN
LIN

LIN
LEIN
LIN
LIN
LIN
LIN

LIN
LIN
LIN
LIN
LIN

LIN
LIN
LIN
LIN

4.200E-02
3, TOOE-02
1.300E-01
4.220E+00
2,998E-10

3, 700E-02

1.800E~-01

2.53CE+00

1.795E~10

1. 790E-01
2.400F-01
70 590&’4"’)0

1.280E-01
1.600E-01
5.060E+00

"1.280E-01

1.120E~01
4, 000E~-D1
1.266E+01

1.120E-01
2400E-01
7.590E+00

1.7G0E~-01
2.400E-01
1. 800E~01
7.590E+00

1. 790e-01
1.790E~-01
1. 280E-01
1.600E-01
1. 2CCE-O1
5,060E+00

1.280E~01
1.120E-01

4.,000E~01

1.300t-01
1.266E+01

1.120E-01
2.400E-01
L. 80CE~OL
7. 590400

14
16
11
35
100

15
12
36
100

30
25

23
26

22
24
27

23
28

30
25
33

21
29
31
26
34
10

30
3z
21
35
11

31,

28
36
12

DIFF
DIFF
DIFF
DIFF
BOUN

DIFF

DIFF
DIFF
BOUN

DIFF
DIFF
DIFF

DIFF
DIFE
DIFF

DIFF
DIFF
DIfFF
DIFF

DIFF
DIFF
DIFF

DIFF
DIFF
DIFF
DIFF

DIFF
DIFF
DIFF
DIFF
DIFF
DIFF

DIFF
DIFF
DIFF
DIFF

DIFF

DIFF
DIFF
DIFF
DIFF.



33

34

35

26

27

23

41

42

1. 200E~02

l. 300E-02

3,200E-02

1.900E-0G2

1.500E-02

1.200E-02

6.,000E-02

1.590E~02

2.0306-01

9, DQ0E-02
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6.859E~-G3

6.T99E-03

70225E-03

6. 91TE~O3

3,161E-03

3.1G1E-03

1.076E-02

4,625E-03

2.651E~03

4o442E~03

37
51

T

31
38
52
64

28
39
53
65

39
54

66

40
43
47
67
95

40
41
44
48
68

G6

41
42
4%
49
69
97

42
46
50
70
98

71
79
-120

77
19
-12v

-~ A-33

LIN

LIN

LIN

LIN

LIN
LIN
LIN

LIN

LIN

LIN
LIN

LEN
LIN
LIN

LIN
LIN
LIN
LEIN
LIN

LIN

LIN

LIN
LIN
LIN
LIN

LIN
LIN
LIN
LIN
LIN

LIN

LIN
LIN
LIN
LIN
LIN

LEIN
LIN
RAD

LIN
LIN
RAD

(Continued)

6. 000E-02
1. 800E~0}
2.530E+00

6. 000E-02
4o 200E-02
1.,200E-01
1.690E+00

4o 2C0E-02
3, 700:-02
1.300E-01
4.220E+0Q0

3. 700E-02
1o 8CGOE-0L
2.530E+00

1.000E~01
2.400E-01
2. 400E~01
3,000E=01
3.220E+00

1.CGOE-01
7.100£-02
1. 6C0E-C1
1. 60CE-CL
5,C00E-02
3.220E+00

7.1C0E-02
6., 300E-02
4.,0C0E-01
4,000E~01
1.400E~-01
4, 500E+00

6.300E-02

2.400E-0L

2.400E-01
9, 000E~-01
1.800E+00

7+500E+01
1.410E¢00
36564E~-10

1.880E+01
1.410E40C0
1. 192E~10

34
28

- 35

33
35
30
14

34
36
31

15

35
32
16

26

21

29

50

25

-
¥

22
30

50
26
28
23
31
50
21
24

32
50

DLEF
DIFF
DIFF

DIFF
DIFF
DIFF
DIFF

DIFF
DIFF
DIFF
DIFF

DIFF
DLFF
DIFF

DIFF

DIFF
DIFF
DIFF
ARTH

DIFF
DI+t
DIFF
DIFF
DEFF
ARTH

DIFF
DIFF
DIFF
DIFF
DIFF
ARTH

DIFF
DIFF
DIFF
DIFF
ARTH

DIFF
DIFF
SOUN

DIFE
DIFF
BUUN



o 3

Ll

&~
A

et
&7

e

SRS

YUk
wbe
B
Y odub
NP RT
¢ ido
N o
NJue

2.030E~01

g,900€6-02

6. BOO E-OZ

5,d00E-02

1.300E-01

1.350E-01

2.65LE-03
4.,442E-03

1.8C8E-03_
1. 8CBE-O3
1.795E-03

1.7556-03

Table A-6.
72 LIN
80 LIN

-122 RAD
78 LIN

80 LIN

-123 RAD
73  LIN

-124 RAD
74  LIN

-12% RAD
75 LIN

~-126 RAD
76  LIN

—-127 RAD

{(Continued)

7.500E¢01
1.410E¢00
3, 564E~10

1.880E+01

1.410E400

1.192E-10

3, 750E401
2.372E-10

3, 750E+01
20.372E-10

1.000E+02
6o 342E-10

7.5C0E+0L
4, T4SE-10

(LT1C NODE PSEUDC-CUMPUTE SEQUENCE

50 TU
50 10O
5¢ TU
s Td
e T
SO T43
50 T3
s5¢ 0

NLFF
DIFF
DIFF
DIFF
UIFF

NODE
NODE
NODE
NODE
NUDE
DIFF NODE
DIFF NGDE
DIFF NODE

THRU
THRYU

~ o

THRU
THRY
THRU
THRU
THRU

NN
O ~ W

THRU -

LIN CUND
LIN COND
LIN COND
LIN COND
LIN COND
LIN COND
LIN COND
LIN COND

A-34

10 DIFF
44 [
100 BOUN

6 DIFF
43 DIFF
100

DIFF
BOUN

11
100

DIFF
BUOUN

11
100
11 DIFF
100

CIFF
BOUN

12
100

91, COND

‘92 COND
G3, COND
G4, COND
95, COND
96 CONU
97 COND
G 8 COND

DIFF

BOUN

BUUN -

VALUE
VAaLUE
VALUE
VALUE
VALUE
VALUE
VALUE
VALUE

IS
15
IS
| )

3,22000E40
3.22000E+0
4,50000E+0
1,80000E+G
IS 3.,22000E+0
1S 3,22000E+0
IS 4., 50000E+C

IS 1.80000E+C



B. THERMAL TEST DATA AND INPUT FORMAT FOR NETWORK CORRECTION PROGRAM

The user of the network correction program must be concerned with
the test data itself as well as the ultimate use of the test data in
the thermal network correction program. Those test measurements
obviously in error must be adjusted or eliminated and the format of the
translated test data must be compatible with the requirements of the

network correction program.

B.1 Thermal Test Data

Both the conventional and the heat pipe platforms were tested
simultaneously in a test chamber by mounting the platforms back-to-back
as was shown in Figure A-9. Front surfaces of both platforms radiated
to a liquid-ccoled thermal sink maintained near -50°F.

Temperature measurements were made with 82 copper constantan thermo-
couples -- 40 on the heat pipe platform and 34 on the conventional plat-
form and 8 on the heat sink plates. Location of these thermecouples on

the platforms were indicated previously in Figures A-2 and A-3. Power
input to the various heaters was calcu]afed from the measured power

supply current and the measured heater resistance.

The platforms were tested under a number of different power settings
for both steady state and transient situations.4 For the present study
a transient cool-down condition with no power and a subsequent heat-up con-
dition wére selected because of the relatively smooth data points with
little perturbations. The sets of test temperatures for the 34-node con-
ventional platform and for the 41-node heat pipe platforms are tabulated
in Tables B-1 and B-2, respectively, for the cool-down period cnly. Both
the cool-down and the heat-up period temperature data were used for the
10-node model only; this data is tabulated in Table B-3. Note that for
the heat pipe platform temperatures of nodes 7 and 27, 8 and 28 were
considered to be identical; it should also be noted that the test data
used for nodes 7 and 27 represent the average readings of thermocouples
37, 38 and 39 which were essentially identical. Several of the test

B-1



Tabie B-1

Cozpartison of Test Data and Least Squares Fit,

34-Node Conventional Platform HModel, C(ool-Down Perfod

100

Thermo-
© couple

Ho.

67
€9
n
73
50
52
49
St
53

59
63
63
85

10
72
1
85

28838

55
43

E2&85883%

Saveral

Deseription

Loxor Surface Plotform Kodn;-e»i—f.)—-upper Surface Platforn ?’ndu—-e»{

}w—aﬂener Kode

Doundary

0 (KR} .083 (HR) ,255 (MR} 82 (IR) .585 {x2) ot 75 (XR) -
Test Least Sauares Test Least Squares Test Least Squares Test Least Squeres Test Least Squares . Test Least Sguares
| Ter 2nd Crder  4th Order Terp 2nd Ordar_ 4th Order Temp _2rd Orcer _ Ath Order Temp  __2nd Crder A4th Order.  Texp . _2nd Orgor  Ath Ordor Icop 2rd Order  Ath Qrder
TEKPERATURE (°F)

86.0 87.8 86.1 84.0 31.8 8.7 70.0 63.8 70.0 55.0 55.7 54.3 41.0 41.8 41.0 28.Q 7.3 28.9
83,0 86.2 '84.2 | 81.0 78.4 80.7 64.0 62.9 £4.0 48.0 43.9 47.2 35.C 3.7 35.1 24.0 23.3 24.0
35.0 36.2 5.1 ! 34.0 2.7 3.8 26.0 25.0 26.0 i7.0 17.2 8.5 8.0 9.0 8.0 1.0 3] .53
10.0 0.5 10.0 9.0 8.1 9.0 5.0 4.4 4.9 a.0 i -14 -5.0 -4.5 -5.G -9.0 S93 -3.0
6.0 118.6 116.2 113.0 110.3 2.7 95.0 93.1 4.9 76.0 76.8 75.2 £3.0 60.7 53.1 45.¢ 4.7 45.0
229.0 210.3 227.9 148.0 169.9 151.4 96.0 103.5 Nn.7 73.0 63.3 75.2 $6.0 45.3 54.2 42.0 50.0 a2.3
I\E.O 118.5 116.1 130 110.9 1.7 96.0 93.8 95.9 77.0 77.6 76.2 59.0 61.2 5.0 45.0 44.5 45.0
176.0 170.4 i76.0 139.0 144.5 139.3 96.0 100.1 95.3 7%.0 7.0 73.5 §7.0 52.1 56.9 41.0 5.3 43.0
16.0 75.4 5.8 £6.0 67.1 65.6 52.0 51.2 51.9 38.0 3.9 38.3 7.0 6.6 26.6 17.0 17.2 7a
23.0 22.9 23.0 19.0 15.2 19.0 12.0 1.9 1.9 6.C 5.7 5.8 0.0 02 -.R -5.0 -5.0 -5.8
91.0 93.6 81.0 80.0 87.4 90.0 76.0 73.5 75.5 58.0 59.5 57.6 43.0 44.5 42.9 30.0 .7 30.8
107.0 109.3 107.2 1 102.0 99.1 101.5 80.0 na 80.1 61.0 61.6 59.9 45.0 45.7 45.2 2.0 1R 319

2.0 431 42.0 32.0 38.0 ki A 29.0 27.8 28.6 18.0 18.5 17.8 9.0 8.7 8.9 2.6 1.4 2.0
17.0 17.3 1”7a 15.0 © 147 14.8 9.0 9.0 $.2 4.0 3.7 3.6 -2.0 -1.7 -1.9 -7.0 -7.1 -7.0
83.0 1.2 83.1 88.0 85.5 87.7 74.0 12.5 73.9 53.0 3.9 57.3 43.0 “a 43.5 25.0 a9 728.0
93.0 4.2 9. 83.0 es.7 87.8 72.0 n.o 7.8 56.0 56.2 §5.4 41.0 41.7 41.0 23.0 27.4 8.0
48.0 49.3 48.1 46.0 4.6 45.9 36.0 34.9 35.9 25.0 5.4 24.6 15.2 15.9 15.0 1.0 $.2 7.0
i5.0 15.4 15.1 14.0 13.5 13.9 8.0 8.3 8.1 4.0 3.¢ 3.6 -2.0 -1.8 -1.9 -8.0 -8.2 -3.0
1i2.0 1149 n2.1 1.0 107.¢ 1i0.9 95.0 $2.7 0.6 76.0 7.5 75.4 €0.0 61.5 60.0 45.9 .7 45.0
158.0 157.2 158.4 136.0 135.7 135.3 95.0 97.7 §5.8 72.0 70.4 70.4 55.9 52.1 55.4 41.0 2.5 45.9
68.0 63.9 67.9 63.0 62.2 63.2 50.0 48.7 39.4 38.0 6.6 35.9 25.0 25.3 24.8 15.0 4.6 15.0
23,0 23.2 23.0 20.0 20.0 20.1 14.92 13.4 13.7 1.0 6.9 8.9 0.0 -4 i -0 -6.9 6.2 5.9
104.6 106.3 104.0 103.0 160.5 102.8 90.0 87.8 83.7 73.0 740 72.8 57.0 58.6 56.9 43.0 41.8 43.0
120.0 122.5 120.3 114.0 110.8 HER] 8%.0 83.2 83.1 628.0 68.7 66.8 5.0 51.5 51.2 37.0 3.4 5.9
53.0 60.6 55.¢ $6.0 54.3 56.0 43.0 41.5 42,6 29.0 29.9 28.7 12.0 18.8 7.9 2.0 8.3 9.0
20.0 20.8 20.C 19.0 18.2 19.0 12.0 12.3 12.8 6.0 6.5 5.8 0.0 .26 -.05 -5.0 -5.3 5.0
105.0 197.7 105.2 105.0 121 036 91.0 £9.0 $1.0 1.0 173.8 ;g 57.0 53.0 §7.3 43.0 an.G 3.0
103.0 m.? 109.0 1¢3.0 105.4 108.0 9.0 91.2 93.5 (15,0 76.3 74.6 58.0 80.0 51.9 44.0 42.5 43.9
163.0 179.3 188.6 138.0 143.1 133.6 $4.0 38.3 91.7 7.0 65.4 72.0 5.0 47.8 $3.2 41.0 45.5 4.
235.0 215.% 234.6 146.0 173 153.2 6.0 - 103.0 20.8 71.0 60.8 787 6.0 43.0 51.8 a.e 4%.3 41.4
101.0 103.0 101.3 .0 s1.2 93.3 £8.0 69.0 69.4 $1.0 §1.3 43.7 37.0 3.9 37.¢ 2.9 25.0 25.9
77.0 tLA 76.8 60.0 63.8 60.8 45.0 45.2 43.9 31.0 31.3 315 22.0 AR ] 21.6 14.0 3.8 4.1
49.0 48.0 43.0 41.0 2.3 aa 3.0 31.2 30.8 23.¢ 21.9 22.8 14.0 13.8 il 7.0 1.2 7.8
28.0 27.9 28.0 24.0 24.2 24.1 17.0 17.0 16.8 1.0 10.9 - 1.9 6.0 5.8 5.9 : 1.2 1.2 1.0
~50°F '




Table B-2. ~Test Temperatures for 41-Node Heat Pipe Platform

Model Thermo- Description Time Points {hr)
Kode . couple 0 .0833 .25 417 .583 75
# 4 Temperature (°F)

1 27 e 58. 57. 49. 39. 0. .22
) 29 68. 66. 56. 45, 35, 26.
3 3 58. 57. 49, 39. 29. 21.
4 33 f 60. 59. 51. 42. 33. 24.
5 10 I 86. 83. 68.. 54, 43. 33.
6 12 o 154. 99, 69. 54, 43, 33,
7,21 37 2 92. 82. 65. 53. a1. 32.
38 g 92. 82. £5. 53. a. 32.

39 & 91. 80. 64. 52. 40. 3.

{37,38,39} ave. & 92. 82. 65, 53 a, 32.

8,28 40 ‘ o 89. 79. 64. 51. 40. 30.
9 9 < 83. 81. 68. 55. 43. 33. -
10 n f 122, 9. 69. 54. a3. 33,
1 13 g 86. 80. 65. 53. 42. 32.
12 1 =] 77. 74, 62. 51. 40, 1.
13 19 69. 68. 61. 50. 39. 30.
14 21 89, 83. 65. 52. 40. 3.
15 23 65. 64. 55. 45, 35, 27.
16 25 X 52. 51, 47. 40. 31. 24.
21 28 A 66. 65. 56. 46. 35. 26.
22 30 51. 50. 32. 21. n. 2.
23 o x g 64. 62. 53. 43. 33. 2.
24 34 3 61. 60. 53. 44, 34, 26.
25 35 e - 92. 83. 66. 52. 40. 31.
26 36 $ 94. 84, 67. 53. a1, 32.
29 15 = 82. 80. 67. 54. a2, 3.
30 . 16 - 116. 97. 69. 54. 42, 33.
31 17 ::; 85. 79. 65. 52. a1, 32.
2 7 18 5 76. 73. 63. 51. 40. 31,
33 20 5 73. 72. 65. 53. 42, 32.
34 22 3 9. 90, 69. 54, a. 33.
35 24 l 72. 71. 60. 49, 28. 29,
36 26 ; 59, 58. 52, 44, 3. 26.
41 1 ' \%‘ 82, 79. 68. 54. 43, 33,
42 2 es. 82. 68. 54, 43. 33.
43 3 8 129. 96. 68. 54, 43. 33,
44 4 g 165. 102. 69. 55. 43, 33,
45 5 3 o 8L 78. 63. 50. 39. 30,
46 6 g 88. 74. 61. 49. 38. 29.
47 7 % a1, 4. 61, 49. 38. 29,
a8 8 A 76. 73. 61. 49. 38. 29.

50 Several Boundary -50
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Table B-3  Time-Temperature Temperature Data for 10-Node Conventional Platform Model
Cool-Down Period Heat-Up Period
s2e Trermocoupie Description o (hr) 08333 (hr) .25 (hr)  .41667 {hr) .58333 (hr} .75 (hr) .8333 (hr) .91667 (hr) 1.03333 {hr} 1.25 (br)  1.50 {hr}  1.75 (Br) 2.0 {nr}
. Ne. Temperature (°F Temperature (°F) _ .
i Ave-aze of t.c.: 85.0 §2.5 66.0 51.% 38.0 26.0 20.0 28.C 37.0 43.5 58.0 63.5
67 & 62 ’
2 A.erage of %t.c.: 22.5 21.5 15.5 8.5 1.5 -4.0 -10.0 -1.5 -4.0 c.0 4.0 6.5
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temperatures for the 34-node conventional platform are plotted in

Figure B-1 over a time period that includes the transient cool-down and
heat-up regions of interest. Heat input to the simulated component (also
referred to as heaters in this report) nodes is indicated in Table B-4 for
all three math-models; only a single set of heat load values for the
34-node conventional and 41-node heat pipe platform models is shown since
the heat input to the two platforms was essentially the same.

B.2 Format for Network Correction Program

Use of the network correction program requires that the test data
satisfy two requirements: (1) number of test data points, and (2) pro-

gram input format.

B.2.1 Number of Test Data Points

The number of test data points should be of sufficient number to
reflect, accurately, the time-wise response. A second consideration is
that the time-interval between test data points should not be considerably
larger than the computational interval of the network solution. The pur-
pose of the former is to eliminate as much as possible interpolation
errors, and the latter reflects a réquirement of the updating procedure
for network correction program which employs the explicit solution routine
CNFRDL.

Normally, the number of time-wise data points is not sufficiently
numerous as typified by the test data for the platforms and shown in
Figure B-1 More data points can be obtained by manually curve-fitting
theAtest points and then manually selecting the desired number of data
values. Another approach is the curve fitting of the test data by computer
means with an appropriate computer subroutine; a least squares approach
(SINDA subroutine LSTSQSS) was employed for the present study.

The required'order of the least squares fit depends upon the smooth-
ness (or lack of ) of the test data; thus a trial and error procedure is
required to determine the proper order. For the present study, several
different polynomial fits in the least squares sense were examined. A
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° comparison of test data and least squares fit for a second order and

fourth order is shown in Table B-1 for the conventional platform model:
Note that from the six data points representing a particular transient
decay, fifty-one interpolated values (in the least squares sense) were
generated with an interval between time-slices of .015 hour. The fourth
order fit was considered to be satisfactory for the present study. For
the 10-node model a time-slice interval of .03 hour was alsc examined. A
major limitation on the use of higher order fit is the presence of
undesirable curvature even though the curve-fit is excellent at the test
data points.

B.2.2 Test Data Input Format

The thermal network correction program as presently coded requires
that the input for the test data be as follows:

1. The first set of cards contains the transient time-points to be used
with 8'time—points per card. Thus, columns 1 through 10 contain the
first time-point, 2 through 20 the second, etc. The format is F10.5.

2. The second and subsequent sets of cards contain for each node the
temperatures cofresponding to the time-points of the first set of
cards. The nodal order must be identical to the order of the

measured temperature array of the array data block. Thus, if the
first node of the measured temperature array were numbered 10, the
transient temperature of node 10 would be 1isted corresponding to
the time-points of the first set of cards. Thus, columns 1 through
10 would contain the temperature of node 10 corresponding to the
time-pocint indicated in the first set of cards containing the
time-points; columns 10 through 20 would contain the temperature
corresponding to the second time-point, and so on. The format is
F10.5.
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Table B-4. Heat Load on Platform Math-Models

34-Node & 41-Nodé Models . 10-Node Model
Node  Steady Transient Node  Steady Transient
# State Decay  Heat-up # State Decay Heat-up
Power Dissipation (watts) , Power Dissipation (watts)
41 0. 0. 0. e
3 0 0. 0
42 0. 0. 0 RE
43 24, 0. 24.0 T
4 104. 0. 99.5
44 80. 0. 78.5% KN
45 0. 0 0 ':[“
46 7.3 0. 7.9
' 5 21.8 0. 22.1
47 10.7 0. 11.3

48 3.8 0. 2.9 L

* 75.4 watts for conventional platform
78.5 " " heat pipe "
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C. COMPARISON OF UNCORRECTED MATH-MODEL AND TEST TEMPERATURES --
CONVENTIONAL AND HEAT PIPE PLATFORMS
It was indicated in Appendix A that both the conventional and the
heat pipe platform models were generated using norma]»math—mode]ing
procedures and no adjustments were made to the conductances to reflect
test temperature data. It is thus of special interest to compare
analytical temperatures of a math-model with test temperature data.
The comparison is tabulated in Table C-1 for the 34-node cenventional
platform, Table C-2 for the 41-node heat pipe ptatform, and Table C-3
for the 10-node conventional platform model.  Only steady state condi~
tions are presented; refer to Tables A-1, A-2 and A-3 for the heat

\

joad to the simulated components.

The results of the comparison show that the difference in tempera-
tures is large, with the analytical temperatures, in general, being
higher'than the corresponding test temperatures. '
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Table C-1. Comparison of Steady State Test and Analytical
Temperatures of Uncorrected 34-Node Conventional Platform Model

Temperature (°F)

Node Test Analtytical Difference

Number Tr Ty TA—TT
1 86.0 105.0 19.0
2 84.0 122.5 38.5
3 35.0 36.0 -1.0
4 10.0 -4 .4 -14.4
5 116.0 131.4 15.4
6 229.0 254.8 15.8
7 116.0 132.5 16.5
8 176.0 203.2 27.2
9 76.0 64.0 12.0
10 23.0 S.4 -13.6
11 91.0 124.7 33.7
12 107.0 145.7 38.7
13 42.0 55.2 10.2
14 17.0 5.3 -7.7
21 89.0 106.0 17.0
22 93.0 121.0 28.0
23 48.0 37.0 -11.0
24 15.0 -3.7 -18.7
25 112.0 135.5 23.5
26 158.0 193.4 35.4
27 68.0 64.4 -3.6
28 23.0 . 9.8 -13.2
29 104.0 126.7 22.7
30 ' 120.0 142.4 22.4
31 ' 59.0 56.9 2.1
32 20.0 10.5 -9.5
41 105.0 132.0 27.0
42 109.0 130.9 21.9
43 189.0 204.6 15.6
44 236.0 263.4 27 .4
45 101.0 63.7 -37.3
46 77.0 64.4 -12.6
47 49.0 64.1 15.1
48 28.0 9.4 -18.6
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Table C-2. Comparison of Steady State Test and Analytical
Temperatures of Uncorrected 41-Node Heat Pipe Platform Model

Temperature (°F)

Node S Test Analytical Difference
Number TT TA TA—_TT
] 58. 75.8 17.8
2 68 76.5 8.5
3 58. 63.4 5.4
4 60. 58.5 1.5
5 86. 110.5 24.5
6 154, 169.7 15.7
7 92. 113.1 21.1
8 89. 104.8 25.8
9 83. 93.5 10.5
10 ' 122. 154.5 32.5
11 _ 86. 83.2 -2.8
12 77. b8.2 -18.8
13 69. 72.2 3.2
14 89. 91.3 2.3
15 65. ‘ 47.8 -17.2
16 52. 41.0 -11.0
21 66. 78.5 12.5
22 51. 77.5 26.5
23 64. _ 65.0 1.0
24 61. 60.1 -.9
25 92. 114.7 22.7
26 94, 119.6 25.6
27 92. 113.1 21.1
28 - 89. 106.7 17.7
29 ' 82. ©94.8 12.8
30 116. 146.6 30.6
31 85. 84.3 -.7
32 76. 59.6 -16.4
33 73. 74.2 -.8
34 96. 93.3 -2.7
35 72. 4G.3 -22.7
36 _ 59. 42.3 -16.7
41 82. 93.4 11.4
42 85. ~108.9 23.9
43 129. 155.5 26.5
44 165. 181.4 16.4
45 81. 82.8 1.8
46 88. : 83.5 -4.3
47 : 81. 83.2 1.2
48 ' 76. 58.0 -18.0
50 - 119.9 -



Table C-3. Comparison of Test and Uncorrected 10-Node Model Temperature

Node - Test _ ‘Uncorrected
4 Data Model Difference
‘ TT(OF) TA(OF) . (TA-TT)(OI‘)
1 5 85.0 95.8 10.8
£ -5 .
2 83 22.5 10.2 -12.3
4
3 =g 107.4 148.8 : 41.4
0]
4 g = 187.4 - 200.7 13.3
52
5 e 51.6 32.6 -19.0
6 i 91.0 98.4 7.4
= -
7 S 31.5 S -21.4
o w
8 =8 135.0 154.6 - 19.4
o .
9 g~ 139.0 183.3 44.3
2 | .
10 4 142.5 A 32.9 -19.6
50 Boundary 50 -
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D. VARIABLES USED IN SUBROUTINES KALFIL AND KAL@BS

Use of subroutines KALFIL and KALEBS requires a basic understanding
of SINDA.  Without this prior experience, use of the two thermal network
correction routines would be extremely difficult. In this appendix, the
variables used in subroutines KALFIL and KAL@BS are described in Tables
D-1 and D-2.  No attempt was made to provide an overall user's instruc-
tions on the two subroutines.



CALLING S
KALF

IPNT: 'In
IPNT

IPNT

IPNT

IT(IC):

IC(1C):

1Q(IC):

IG(IC):

Table D-1. Variables of Subroutine KALFIL

EQUENCE:

IL (IPNT, IT(IC), IQ(IC), IC(IC), IG(IC), HT, TP(IC), QB, CB,
GB, HSTHP) :

termediate print indicator

0, no intermediate print; the corrected parameter values are
printed after the processing the the last set of temperature
data. _

+1, intermediate print after the processing of each time-slice
set of temperature data; the printout contains various
matrices used in KALPBS as well as corrected parameter
values. This printout should be used only if the behavior
of the KAL@BS subroutine is to be examined.

intermediate print after the processing of each time-slice
set of temperature data; this printout contains corrected
parameter values and should be used if convergence trend
of parameter values is desired.

1

U
1
st
-

Array of measured temperatures

IT(IC) is an array of actual node numbers of measured temperatures
and must be arranged sequentially in the same order as the
test temperature input of Hi (described beTow); note that
the integer count, (IC), is required.

Set IT(IC) = A# (A# is the array number of measured temperatures
as used in the array data block.)

Array soft sources

IC(IC) is an array of actual node numbers of soft capacitors

Set IV(IC) = A# (A# is the array number of soft capacitors used in
the array data block.)

Set IC(IC) = 0 for no soft capacitors

Array bf soft sources

IQ(IC) is an array of actual node numbers of soft sources.

Set IC(IC) = A# (A# is the array number of soft sources as used
in the array data block.)

Set 1Q(IC) = O for no soft sources.
Array of soft conductors
IG(IC) is an array of actual conductor numbers of soft conductors.

Set IG(IC) = A# (A# is an array of number of soft conductors as
used in the array data block.)

© Set IG(IC) = 0 for no soft conductors.
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~ HT:

TP(1C):

QB, CB,
and GB:

"Table D-1. {Continued)

Time-history matrix of test temperatures

Each row of the matrix represents a time-slice of test
temperatures with time as the first value in the row,
with the remainder being temperatures in the same
sequence as used in IT(IC) which was described above.

' Set MT = A# (A# is the array number of the time-history

temperature data as used in the array—data block.)

Array of measured temperature noise and parameter error
estimate squared.

TP(IC) contains an array of measured temperature noise and
parameter error estimate squared. The order and number
of the elements in this array must be as follows:

Allowable correction range for soft sources, capacitors and
conductors, respectively. :

Use of QB, CB and GB allows the user to specify the magnitud
of soft source, soft capacitor and soft conductor
corrections, respectively. Since allowable corrections
greater than 100% can Tead to physically unrealistic
values, several options are provided.-

Set QB, CB or GB = 0.0 (floating point) if corrections are to
be unbounded; this means that corrections may yield
negative source, capacitor or conductor values. The
unbounded values as output from the processing of a
given time-slice set of temperatures are used as input
in the processing of the next time-slice set of
temperatures.

Set QB, CB or GB = -N (floating point) for N >1.0. The upper
bound is set at (1.0 + N)Q_, (1.0 +N)C_ or (1.0 +N)G_,
respectively and the lower bound is se% at \.OOOOX)QO,
(.00001)C, or (.00001)Gy; Qg Co and Go are the original
source, capacitor and conduc%or values. This bounding is
performed on the corrected soft parameter output from the
processing of a given time-slice set of temperatures and
the bounded values are used as input in the processing
of the next time-slice set of temperatures.
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NSTPP:

Set QB, CB or GB = -N or +N (floating point) for N < 1.0. The

upper bound is set at (1.0 + N)Qq, {1.0 + N)C, or (1.0 +N)G,.
and the lower bound is set at (1.0 - N)Q,, (1.0 - N)Cq or
(1.0 - N)G,. The bounding of soft parameters is performed
after the processing of each time-slice set of temperatures
and the bounded values are used as input in the processing
of the next time-slice set of temperatures.

Number of time-slices of temperatures

Use of NST@P allows a user selection on the number of time-slices
of temperatures.

Set NSTPP = O (integer) if all of the temperature data is to be
used; the complete temperature data will have M time-slices
of temperatures. '

Set NST@P = N (Nis an integer < M); this means N time-slices of
temperatures of the available M time-slices of temperatures
will be processed.
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Table D-2. Variables of Subroutine KAL@BS

CALLING SEQUENCE:

KALBBS (IPNT, IT(IC), I6(IC), IQ(IC), IG(IC), HT, TNP, QNP, GNP, QB,
CB, GB, HSTPP)

IPNT: Intermediate print indicator

IPNT = 0, no intermediate print; the corrected parameter values are
printed after the processing of the last set of temperature
data.

, intermediate print after the processing of each time-slice
set of temperature data; the printout contains various
matrices used in KALPBS as well as corrected parameter
values. This printout should be used only if the behavior
of the KAL@BS subroutine is to be examined.

intermediate print after the processing of each time-slice
set of temperature data; this printout contains corrected
parameter values and should be used if convergence trend
of parameter values is desired.

It
.+.
—

IPNT

IPNT

1]
i
—
-

IT(IC): Array of measured temperatures

IT(IC) is an array of actual node numbers of measured temperatures
and must be arranged sequentially in the same order as the
test temperature input of HT (described below); note that
the integer count, (IC), is required.

Set IT(IC) = A# (A# is the array number of measured temperatures
as used in the array data block.)

IQ(IC): Array soft sources _
IQ(IC) is an array of actual node numbers of soft sources.

Set 1Q(IC) = A# (A# is the array number of soft sources used in
the array data block.)

Set IQ(IC) = O for no soft sources.
IC(IC): Array of soft capacitors
IC(IC) is an array of actual node numbers of soft capacitors.

set IC(IC) = A# (A# is the array number of soft capacitors as used
in the array data block.)

Set 1C(IC) = 0 for no soft capacitors.
IG(IC): Array of soft conductors
IG(IC) is an array of actual conductor numbers of soft conductors.

Set IG(IC) = A# (A# is an array number of soft conductors as used in
the array data block.) : :

Set IG(IC) = 0 for no soft conductors.

D-5



HT:

TNP:

QNP .

CNP:

GNP

QB, CB,
and GH:

. Table D-2 {continued)

Time-history matrix of test temperatures

Each row of the matrix represents a time-slice of test temperatures
with time as the first value in the row, with the remainder
being temperatures in the same sequence as used in IT(IC)
which was described above.

Set HT = A# (A# is the array.number of the time-history temperature
data as wused in the array data block.)

Temperature noise estimate

TNP represents the square of the test temperature noise estimate.
Experience has shown that a large TNP rasults in slow responding
correction of parameter values. A value of TNP = .005 has been
used with some success; this corresponds to a temperature noise
of .05°F, which may or may not be a realistic value.

Set TNP = N* (N is the noise in °F)
Soft source error estimate
QNP represents the error estimate of soft sources.

Set QNP = N (M js the decimal equ1Va]ent of percent error estimate
of the soft sources.)

Soft capacitor error estimate L
CNP'represents the error estimate of soft capacitors.

Set CNP = N (N is the decimal equivalent of percent error estimate
of the soft capacitors.)

Soft conductor error estimate
GNP represents the error estimate of soft conductors.

Set GNP = N (N is the decimal equivalent of percent error estimate
of the soft conductors.)

Allowable correction range for soft sources, capacitors and con-
ductors, respectively

Use of QB, CB and GB allows the user to specify the magnitude of
soft source, soft capaciter and soft conductor corrections,
respectively. Since allowable corrections greater than 100%
can lead to physically unrealistic values, several options
are provided.

Set QB, CB, or GB = 0.0 (floating point) if corrections are to be
unbounded; th1s means that corrections may yield negative
source, capacitor or conductor values. The unbounded values
as output from the processing of a given time-slice set of

- temperatures are used as input in the processing of the next
time-slice set of temperatures.
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NST@P:

" Table D-2 (continued)

Set QB, CB or GB = -N (fleating point) for N > 1.0. The upper

bound is set at (1.0 + N)Q,, (1.0 + N)Co—br (1.0 + N)Gy,.
respectively and the fower bound is set at (.00001)Q,,
(.00001)Cy, or (.00001)Gg; Qu, Co, and Gy are the original
source, capacitor and conductor values. This bounding is
performed on the corrected soft parameter output from the
processing of a given time-slice set of temperatures and
the bounded values are used as input in the processing of
the next time-slice set of temperatures.

Set QB, CB or GB = ~N or +N (fToating point) for N < 1.0. The
upper bound is set at (1.0 + N)Q,, (1.0 + N)Co or (1.0 + N)G,
and the lower bound is set at (1.0 - N)Qy, (1.0 - N)Cqy or
(1.0 - N)G,. The bounding of soft parameters is performed
after the processing of each time-slice set of temperatures
and the bounded values are used as input in the processing
of the next time-slice set of temperatures.

Number of time-slices of temperatures

Use of NST@P allows a user selection on the number of time-slices
of temperatures.

Set NSTPP = 0 (integer) if all of the temperature data is to be
used;  the compiete temperature data will have M time-slices
~of temperatures.
Set NST@P = N (N is an integer < M); this means N time-siices of
temperatures of the available M time-slices of temperatures .
will be processed.

D-7



E. SENSITIVITY COEFFICIENTS OF 10-NODE CONVENTIONAL PLATFORM MODEL

Sensitivity coefficients are used with the thermal correction
program to determine the relative sensitivity of each parameter in the
network. In general, less sensitive is the parameter less accurate 1is
the correction. Using subroutine STEP, the sensitivity coefficients of
the 10-riode conventional platform was generated. These results are
tabulated in Table E-1. -
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6 9 =~4,1i662E-01 4 9 -3,72821&E-01 a8 9 -3,22G6T7E-01 6 8 =~1.67093E-01
& 7 ~1.50584E-01 1 32 -1.438508-01 1 2 ~1.%43137E~-01 3 8 =4.,804855~-02
1 6 ~1.620068-02 7 10 T=7.450415-03 2 E <-7.43100F-03 2 7 ~1.81725E~03
5 10 -1.T75981E-03 :
"ARTIAL DERIVATIVES i i ) o
T{ 4y 7/ B{K,yL} ®%% DELTA *%&
T K L VALUE K L VALUE K L CVALUE Kb vMALUE
Ty 50 <—€.50185E+00 3 50 —3.11454E£¢00 1 50 ~1.29219E%00 5 50 ~6.856817E~C1
2 50  =2,02129F-01 : ' '
PARTIAL DERIVATIVES . . -
T 4y 1 QIK) wF% DELTA %%%
K VALUE K _ VALUE K VALUE K YALUE
& 1.66008E+01 5T 4,844 29F=01
PARTIAL DERIVATIVES _
T4 4) / TiK) #x% DELTA %k&&
YALUE K VALUE K VALUE_

R
DR

1.35746E+01

K VALUE,--_....--—-— e 4u.-‘...‘ - .




Table E-1. (Continued)

PARTIAL DERIVATIVES

T S) / A(KsL) #%% DELTA #w& - T
X L VALUE K L VALUE K L VALUE KL YALUE
& 5  9.,30763€-01 S iC 8.112325E-01 2 5 =2.02451E~01 7 10  ~1:51415E-01
6 "7 1.22980&-01 1 2 1.28656f-01 3 4 =9,60128E-02 8 § =6,03319E~-C2
4 9 5.1830CE-02 & S  ~=2.59080E-C2 1 4 ~2.10333g-C2 3 8 =1024599E-02
2 7 -€.39247E-02 1 2 5,73630E-C3 5 16 %.99C33E-03 1 6 =4.T3614E-03
6 3 2.34474E-C3
PARTIAL DERIVATIVES
’ - T ( N 5 ) / B ( K.v L .»"_...._ - — it ) — ..’3::;13“ DEL TA $$¢ — v e e i o+ = m———— s v o o e 2+ o — =
K L VALUF K L VALUE K L VALUE K L VALUE
TS 50 ~4,55986E+400 & 50 -9.10198E-01 2 S0 -7.35%%8E-01 3 50 =6o.S6T38E~01
LT TTER T=3.30546E-01 :
PARTIAL DERIVATIVES
o T8 7 Qi) Bk DELTA *%#& T T
K VALUE K YALUE K VALUE K VALUE
5 . 3,21618E+0C . 4 .. 2.32393E*0C  _ .~ - e
PARTIAL DERIVATIVES
A & Y VA £ TS R TG DELTA &mé “' -
K VALUE K VALUE . K © YALUE K VALUE
.50 2.25731E*C1 _ . e ' - - S




PARTIAL DERIVATIVES

Table E-1. (Continued)

Tk

L TC  6) / A(K,L}  =x% DELTA
K L VALUE K L VALUE K L VALUE
1 &  1.19953E+00 6 e 1,06724F+CO 6 B  6.8841CFE-01
6 7 =£.61396E-01 1. 2 -4.93013k-C1 9 10 -4.2€231E-C)
5 9 2.01518E-Cl 1 6 =-1.82588¢-01 3 4 1.20492£-01
8 $  5.55352E-C2 2 8 4.68491E-02 7 16 4.65179E-02
5 10 =1l.TT244E-03
PARTIAL DERIVATIVES T T
L L TE 6 4 BUKGL) o wE DELTA wed
TNTTRTTT U YALUE K L VALUE K L VALUE
1 50 =3,95974E400 4 50 =2,20702€+00 3 50 =Z.3C197E#CO
2 50 -3.95072E-01 —— e
PARTIAL DERIVATIVES — ———— U UU R
: Tt 6} / QUKD Gt PURE  w&e
L K . VALue K VALUE K YALUE
T 6 Te.56862E-01 1 6.,88119E-01 B Z2.66782E-01
3 2.4615CE-C1 4  2.,20655E-01 7 1.13825E-01
10 6.04838E-02 5 5-922508-0c e
PARTIAL OERIVAYIVES — T - )
T - 6) /4 Tk} % DELTA &% .
K VRLUE K VARLUE K VALUE

=0

15742085201

NW P X

W =

L VALUE
2 5,86100E-01
5  ~4,32233E6-01
8 ~5.98234E-02
7 =3,77785E-03

L YALUE

50 =5,213675-01
K . VALUE
9  2.538758-0%
2 1.11687:5-01
K VALUE



PARTIAL DERIVATIVES

K L VALUFE
6 7 0 21676E-C1
A 5 2,866855~01
6 8 7.77976F~C2
3 & =3.,15973E~02
5 10 -6.321595-C3

PARTIAL DERIVATIVES

HE R

o K . L. VALUE. _
pd EQ ~2.42660F+00
3 50 =5.06049E~-01

PARTIAL DERIVATIVES

K VALUE
& 2.06822E+400

PARTIAL DERIVATIVES

K VALUE

50 Z.36L3TE+01

T

T(

o 0 e R

Table E~1. (Continued)

Ty / A(KsL) #x% DELTA *&#%
L VALUE K L VALUE K L VALUE
z 4,62317E-01 7 1¢ 4,418T2E-01 2 5 4,23687E-CL
1¢ 3,43662E-01 1 4 e 26528E-01 5 9 1.06412E~-C1
2 T.462z8E-02 Z 7 -6.47540F-02 4 9 4.7B05TE-0Z
9  =2.25146E~07 3 § ~1.25813E-02 1 65 =Q.16737E-C3
Ty 7/ B{K,L} %% DELTA %%%
Lo _NALUE | K 1 MALUE K L MALUE ,
50 =20.21941E£E+00 & 50 -8.CBHOGE-C] 1 50 =6,35197E-01
7) / QUK? wxk DELTA ¥%%
Ko YALUE K YALUE . K VALUE
5 1.5654CE4+ 00
7y / T{K} ikt DELTA %k .
K VALUE K VALUE K VALUE




Table E-1. (Contiﬁued)

PARTIAL DERIVATIVES

» T 837 / A(KsL) THEE DELTA xw& - .
K Y YALUE K L VALUE K L VALUE K L VALUE
3 & S,80297E-01 &8 S  8.76525E-01 9 1C =7.5T7035E-01 4 5 =T.36T23E-Q1
8 ~%,652585E-01 A 9 3.87695E~01 3 8 =3.54687FE-01 - 1 3 ~2.89458F~-01
6 g =2.,70527£-01 1 4 =2.41791E-01 6 7 -1.81884E-01 1 2 ~1.71051E-Q1
1. 6 ~—2.%49261E-02 2 7T —1.839€5E-03 5 1€ -1.76%09E-03 7. 10 ~-1.90774E-0Q¢%
2 5~ 1.571022E-06 S T T
PARTIAL DERIVATIVES
T 81 7 BIK,L} *%% DELTA *x% » : T
cm L VALUE K L VALUE K L VALUE 4 L VALUE
L 4 50  =4.86094E+00 3 50 =4.44845E+00 1 50 ~1.48118E400Q 5 50 =6.02361E-01
-2 50 ~2.03059E-~C1 :
PARTIAL DERIVATIVES
T 8) / Qix) ®%% DELTA *%& ) ~
K © VALUE K VALUE K VALUE K © YALUE
4  1lo24111E+01 5 4,24859£-01 ) N o ~ .
'PARTIAL DERIVATIVES
T1 8) /7 T(K) ®&% DELTA %%% Tt T e
4 VALUE K

- VALUE - K VALUE K YALUE

50 1.38243E:01



Table E-1. (Continued)
pARTIAL DERIVATIVES T
B ' . T¢ ) / A(K,L) ®k% DELTA ¥%6 o L _
K L VALUE K L VALUE K L VALUE K L YALUE
& 9 1.08062E400 S 10 =1.C7379E+00 % 5 -£.90625E-C1 8 9 ~6.66400E-01
6 9 =6£,26539E-C1 3 4 =5,430425-01 1 & ~&4.T1425F-01 . __ 6 . . 8...=1.9F226E=01
6 7 ~1.660475=01 1 2 ~=1,.55953E~Cl 1 Z &1,458096-01 3 8 ~1.14370E-01
1 6 =2.38793E-02 7 10 ~8,232598-03 Z E ~7.%64019E-03 5 10 =2.38071€-032
2 7 =2.0C%57E-03 . o o i
pARTIAL DERIVATIVES B - - T T T -
L o CTC 9/ BUKyL) _ w%t DELTA_#5% R .
= K L VALUE K L VALUE K 5 VALUE K L Y¥ALUE
S 50 =5.90460E+00 2 5¢ =3,31840CFE+00 i 50 <1.40%18E¢00 5 50 <=T7.49%74E-01
2 50 _m2.21227%-01 . S . e )
'?ER?YEE“B%§TVAT;VES” T - -
- . . T 9) / QK] o x%x% DELTYA ®=% . .
K VALUE K VALUE K VALUE K VALUE
A 1.50758E401 3 5,286225~01 '
PARTIAL DERIVATIVES T T - T
. T 9y, WKy o wEE DELTA FEX
K VALUE K VALUE K VALUE TR U ¥aluE
50 1.35026E+01 .




" PARTIAL DERIVATIVES |

. T(
kL VALUE
A 5 ¢.18&659E~01
6 7 1.35806F-01
b8 5.33952E-02
3 & ~1.28381E~02
5 8  2.54809E~G3
PARTIAL DERIVATIVES
T
moK L __VALUE
= 5 S0 -4.527688<00

1 50 =3.37542&8-01

PARTIAL DERIVATIVES

K

P

ISRCE NI

Table E-1.
101 / A(K,L}

L VALUS

1 8,55277E-01

2 1.312288-01

10 ~2.98740E-02

7 -6.94207E-03

10 / B{KsL)
Lo YALUE
50 T <9.2T675E-01

{Continued)

Bz GELTA kb%
K L VALUE
7 16 -2.056925~01
3 4 ~=G,702108-C2
& § =2.68245E~C2
1 2 5,65524E-02
% DELTA %%x¢%

Kb . VALUE
2 50 ~7.50228E~01

T 103 / QLK) s DELTA ®x% )
K YALUE ) K  VALUE Ko YALUE
T 5 3,18955E400 4 - 32685TE2OC :
PARTIAL DERIVATIVES _ o
T¢ 100 F Tiw?} w DELTA %%%

& VALUE

50 2.25516E401

ISR . G

MBLAE

S . S

YALUE

K L VALUE

2 5 =1.93355E~01

8 G =h P2Z0NBE-~0Z2

i 4 -2,114155-02

1 £ =4 A50H6E-(03

K L YAty

3 53 =5.07267z-01
4 YALUE

_ K VALUE





